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PREFACE. 



The authors have endeavored to include in this short treatise 
enough of the theory and practice of qualitatiye analysis " in the 
wet way" to bring out all the reasoning involved in the subject, 
and to give the student a firm hold upon the general principles 
and methods of the art. It has been their aim to give only so 
much of mechanical detail as is essential to an exact comprehension 
of the methods and to success in the actual experiments. Hence the 
multiplication of different tests or processes, having essentially the 
same object, has been purposely avoided. For the same reason none 
of the rare elements are alluded to. The manual is intended to meet 
the wants of the general student, to whom the study is chiefly valu- 
able as mental discipline, and as a compact example of the scientific 
method of arriving at truth. To professional students who wish to 
make themselves expert analysts, this little book offers a logical 
introduction to the subject, an outline which is trustworthy as far as 
it goes, but which needs to be filled in and enlarged by the subse- 
quent use of some more elaborate treatise as a book of reference. 
Prof. Johnson of Yale has supplied this need with his excellent 
edition of Fresenius's comprehensive manual. 

The authors believe that they have put into the following pages as 
much of inorganic qualitative analysis as is useful for training, and 
also as much as the engineer, physician, agriculturist, or liberally 
educated man needs to know. The book has been written for the 
use of classes in the Institute of Technology who have already 
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Studied the authors* '* Manual of Inorganic Chemistry." It is simply 
an implement devised to facilitate the giving of thorough instruc- 
tion to large classes in the laboratory. It is the authors' practice 
to examine their classes orally every four or five exercises, in order 
to secure close attention to the reascfning of the subject. With 
this exception, the subject is studied exclusively in the laboratory', 
tools in hand. 

Boston, November, 1868. 



QUALITATIVE ANALYSIS. 



INTRODUCTION. 

1, Qualitative Analysis, in the widest sense of the 
term, is the art of finding out the elements contained in com- 
pound substances. This general definition has important limit- 
ations in practice. In the first place, the art, as commonly- 
taught, applies almost exclusively to mineral, or inorganic, 
substances, and touches only incidentally upon the multifarious 
compounds of carbon with hydrogen, oxygen, nitrogen and a few 
other elements, which form the subject-matter of that branch of 
chemical science called organic chemistry. '*' Again, the analysis 
of gases constitutes a distinct branch of analysis, requiring 
methods and apparatus of its own, and therefore to be most 
advantageously studied by itself. These deductions made, there 
remains the analysis of inorganic solids and liquids, which is in 
fact the main subject of qualitative analysis in the present tech- 
nical sense of the term. 

Of the sixty-five recognized chemical elements, only the 
thirty-four most important are embraced in the systematic 
course of this manual. Means of detecting a few other less 
common elements are incidentally given ; but the elements 
which are so rare as to be at present of little interest except 
to the professional chemist or mineralogist are not alluded to. 

2. Some previous knowledge of general chemistry is es- 
sential to the successful study of qualitative analysis. It is 
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assumed that the student knows something of the' common 
elements and of their most important combinations, that he is 
familiar with the principal laws which govern chemical changes, 
and that he possesses a certain skill in the simplest manipula- 
tions. The tools and operations employed in qualitative analy- 
sis are few and simple ; but neatness, method in working, and 
a vigilant a^ttefttioa evea t» the nwnutest details, are absolutely 
essential. As the various substances used or produced in the 
operations of analysis will not be particularly described, the 
careful student will keep at haitd some text-book on general 
chemistry, to which he can constantly refer to refresh his recol- 
lection of the physical and. ohenuQal properties of the substances 
referred to. 

8, Although the detection of the elements contained in 
compound substances is the ultimate object of analysis^ it is 
ovif by exception that ihei elements themselves are isojated, 
a»d recognised in thoir uncombined condition. An element is 
generally recogwzed througli some familiar compound, whose 
a{){)iarltion proves the presence, of all the elements it contains, 
just as the pre&enice of any word upon this page makes it sure 
that the letters with which it is spelt are imprinted there. Jf, 
aa the result of a defUiite aeries of operations upon some un- 
known body, the hydrated qxide of iron be produced, no iron 
haying been added dwii^ any stage of the process, the proof of 
thj^ lo'esence of iron in the: original body is quite as certain as 
if the grey metal jt^lf had hej&a extracted from it. If some 
well-known sulphate, like, sulphate of lead, or of barium, for 
example, result from a series of experiments upon >some un- 
known mineral, it is certain that the mineral contained sulphur; 
provided only that no sulphur has been introduced in any of the 
chewiicjal agents to whose action the wuneral has been submitted. 

The, compounds through which the elements are recognized 
9X^ necessaxily bodies of known appearance, deportment and 
prop^rties^ They axe, in fiwt, bodies of various, though always 
definite, compoeation j oxides, aulphidesj, chlorides, sulpha,tes and 
DOkonj other 9alts arc^ Uuvi jmi& tb& meana of identifying qjxfst or 
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more of the elements which iibey oontain: The object of the 
analyst is to bring out, from the unk^OYm substance, by expe- 
ditious processes, and under conditions which admit of no doubt 
as to their testimony, these identifying compounds, with whose 
appearance and qualities he has previously made himself ac- 
quainted. As he followB the course of experiments laid down 
in this manual, the student will gradually acquire, with the aid 
of frequent references to a text-book of general chemistry, that 
stock of information concerning the identifying compounds 
which must be always ready for use in his mind, and at -the 
same time he will be made ^uniliar with the character of the 
methodical processes which secure a prompt and sure testimdnj 
to the elementary compoflitkm of the sabstemoes he examines. 

4. The subject is treated in two parts or divisions, of which 
the first contains a systematic course of examination for sub- 
atanoes in solution, when once that solution has been made ; and 
the second treats ohiefiy of the preliminary examination of 
aolidi and the means othm^pag them iii^ soluiioii* 



PAET FIRST. 



CHAPTER L 

DIVISION OF THE METALLIC ELEMENTS INTO CLASSES. 

6, Example of the separation of two elements. Put a small 
crystal o( nitrate of silver and a small crystal of sulphate of 
copper into a test-tube (Appendix, § 54), and dissolve them in 
two teaspoonfuls of water, warming the water at the lamp to 
facilitate the solution. Add to this solution a few drops of 
dilute chlorhydric acid (App., § 2). Shake the contents of the 
tube violently, wait until the curdy precipitate, which the acid 
produces, has separated from the liquid, and then add one more 
drop of chlorhydric acid. If this drop produces an additional 
precipitate, repeat the operation until the new drop of acid pro- 
duces no change in the partially clarified liquid. Then, and not 
till then, has aU the silver wluch the original solution contained 
been precipitated in the form of chloride of silver, an unemployed 
balance or excess of the reagerit, chlorhydric acid, remaining in 
the clear liquid ; this liquid can be readily separated by filtration 
from the curdy chloride. Shake the contents of the test-tube, 
and transfer them as completely as possible to a filter (App., § 
59) supported in a very small glass 'ftinnel (App., § 58), which 
has been placed in the mouth of a test-tube. With the wash- 
bottle (App., § 69) rinse into the filter that portion of the 
precipitate which has adhered to the sides of the first test-tube. 
When the filtrate has drained completely from the precipitate, 
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set the test-tube which has received it aside. Wash the precip- 
itate together into the apex of the filter by means of i, wash- 
bottle with a fine outlet ; and, in order to wash out the soluble 
sulphate of copper which adheres to the precipitate, fill the filter 
full of water two or three times, throwing away this wash-water 
when it has passed through the filter. 

The complete separation of the silver and copper which were 
mixed in the original solution is already accomplished; the 
silver is on the filter in the form of chloride ; the copper is in 
the clear, bluish filtrate. This speedy and effectual separation 
of the two elements is based upon the fact that chloride of 
silver is insoluble, while chloride of copper is soluble, in water 
and acid liquids. Such differences of solubility are the chief 
reliance of the analyst. 

6. Definition of the term " Cktss.^ Class L In this experi- 
ment only two elements have been separated. It might obvi- 
ously be very difficult, if not impossible, to find a special reagent 
for every element, which would always precipitate that single 
element and never any other. Chlorhydric acid, for example, 
which precipitates silver so admirably from any solution con- 
taining that element, is capable of eliminating two other ele- 
ments under like conditions. The lower chloride of mercury 
(calomel) is insoluble in water and weak acids. Chloride of -- 
lead is sparingly soluble in cold water, and is still less soluble in 
water acidulated with chlorhydric acid. The chlorides of the 
other metallic elements are all soluble in water and acids under 
the conditions of the analytical process. 

There are embraced in the scope of this manual twenty-two 
common elements of the sort ordinarily called metallic^ most of 
which form those oxides relatively poor in oxygen which are 
collectively designated as bases. If chlorhydric acid were added 
in proper quantity to a solution ima^ned to contain all these 
elements, three, and only three, of the twenty-two elements 
would be precipitated as chlorides. After filtration and washing, 
a mixture of chloride of silver, chloride of lead, and subchloride 
of mercury would remain upon the filter, and all the other 
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^emeats woold have pwsed into the filtrftte. Silver, lead, and 
mercur J, the three elements thiiA separated from the rest by 
this well*marked reaction with ohlorhydrio acid^ constitute a 
elaesy the first of several classes into which the metallic 
elements are divided for the ends of qualitative analysis. Each 
class is characterized by some clear reaction which suffices, when 
intelligently applied, to separate jthe members of any one class 
from the other classes. The ch^nical agent, by means of which 
this distinctive reaction is exhibited, is called the general reagent 
of the dass. Thus, cUorhydric add is the general reagent of 
the first dass* 

This division of the elements into classes reixders it unneces* 
sary to find means of separating each individual element from 
all the others. In the systematic •course of an analysis, the 
classes are first sought for and sepsurated ; afterwards each dass 
is. treated by itself for the detection of its individual members* 
It is an incidental advantage of this division of the elements 
into classes that, when t^e absence of any whole cla^s has been 
proved by the feilure of its peculiar general reagent to produce 
a predpitate, it i« unnecessary to «earch farther for any member 
of that dass. Much time is thus saved, for it is as easy to 
prove the absence of a dass as of a single element. The ftdl 
treatment of the first dass of elements, comprising, as we have 
seen, silver, lead and mercury, is the subject of Chapter II. 

7« McperimerU to illustrate the division of the metaUic ele- 
ments into ekbsse^. We proceed to demonstrate experimentally 
the chemical facts upon which rests the division of the other 
metallio dements into convenient classes. 

Prepare a complex solution, by mixing together in a small 
beaker, (App., § 57) the following solutions, viz.; — a solution 
of chloride of copper (CUCI2) prepared by dissolvirfg a few 
grains of oxide of copper in chlorhydric acid ; a solution of 
arsenious acid in chlorhydric acid ; a solution of ferrous chloride 
prepared by dissolving a little fine iron wire' or filings in chlor- 
hydric add ; an aqueous solution of chloride of zinc ; an aque- 
ous solution of chloride^ of calcium; an aqueous solution of 
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cMoticle 0^ tns^eimim'; am AqaeonM fi^lin^ioiEi of chloride of 
s^oditnn. If tlie sokl^oim be all modertttefy ^t^ng, a small te*- 
spoonfdl 6i each solut^cm ytiSl he enough. Didiite t^e miie- 
tftre tiius prepared ^h its own heAk of water. Should aay 
tarliidity or precipiftalte 'appear, add ohlorhydrie acid, litfele by 
l^tle, unl^ the fiolutio^ becomes ^clean Thig solutkm is iNerpre- 
fientative ; it contaifis aft least o&e mettiber of each df the classes 
^ elements which remain to *he ^defined. It 'contains no nvevi- 
Ijer of the first class, ^hich mi^ be consistenlfty supposed to 
"have been previously fjirecipitated, m m the foregoing experf- 
ment (§ 5), an excess of cMorhydrie acid i«emaining m ^tub 
^nid. 

8. Definition of Classes IL and III. Pass a iSlow cii»€«t 
of enlphydric acid gas (App., § 11) 'from a gas-bottle or generator 
through ttie add liqujd in the%ieaker. This operation must be 
'peiformed under a hood. A <d«nse, daork colored precipitate wifl 
immediately appear, and gradually Increase in (bulk. When the 
-gas lias flowed continuaDy for five or ten minutes through l^e 
liquid, stop the stream, stir the ^qtnid ^ell, and blow out the 
«tilpihydric acid which lies in the beaker. If after the Japse of 
two or three minutes the Hquid emelis 'distinctly of sulphydsic 
acid, it is saturated with the gas, and it is sure that the reagent 
has done its work. If the liquid does not retain the charactet«- 
istic odor, the gas must be again passed through it^ %m\sk 
saturation is certainly attained^ 

Bour tlie contents of the beaker, weiH 'stirred up, upon a filter, 
supported over a tesfc-tube or second beaker. Rinse the fir^ 
•beaker once with a teaspoonM of water, and transfer this rins- 
ing water to the filter, allowing the filtered liquid to mix witli 
the original filtrate. Label * this filtrate « Mltrate from 11. and 
III." (classes), and preserve it for later study. 

* The student should at once make it a rule to label every filtrate or precip- 
itate which he has occasion to Bet aside, even for a few moments. A bit of 
paper large enough to carry a descriptive symbol or abbreviation should be 
attached to the vessel which contains the liquid or precipitate. Paper gummed 
on the back is convenient for this use. 

This habit once acquired, will enable the student to carry on simultaneously 
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If any considerable quantity of precipitate has adhered to the 
sides of the original beaker, it may be detached and washed on 
to the filter by means of a sharp jet of water from the wash- 
botUe. The precipitate, as it lies upon the filter, must then be 
washed once or twice with water ; the wash water is thrown 
away. The washed precipitate consists of a mixture of sulphide 
of copper (CuS) and tersulphide of arsenic (AS2S3). The 
&ct that these sulphides are precipitated under the conditions 
of this experiment proves that they are both insoluble in weak 
acid liquors. They are also both insoluble in water. But an 
important difference between the two sulphides nevertheless 
exists, a difference which affords a trustworthy means of separ- 
ating one from the other. 

When the water has drained away from the precipitate, open 
the filter upon a plate of glass, and gently scrape the priecipitate 
off the paper with a spatula of wood or horn. Place the precipe 
itate in a small porcelain dish (App., § 61), pour over it enough 
caustic-soda solution (App., § 20) to somewhat more than cover 
it, and heat the mixture cautiously to boiling, stirring it all the 
time with a glass rod. The quantity of soda-solution to be 
employed varies, of course, with the bulk of the precipitate ; but 
in this case two or three teaspoonfuls will probably suffice. It 
is very undesirable to use an unnecessarily large quantity of ' 
soda, for the very next step of the process is to neutralize it 
with acid. A portion of the original precipitate remains undis^ 
solved ; but a portion has passed into solution. Filter the hot 
liquid again. The black residue on the filter is sulphide of 
copper, which is insoluble, not only in water and weak acids, 
but also in alkaline liquids. To the filtrate, collected in a test^ 
tube, add gradually chlorhydric acid, until the soda is neutral- 

without error or confusion, several operations. He may be throwing down one 
precipitate, washing another, filtering a third, and dissolving a fourth at the 
same time, and the four processes may belong to as many different stages of the 
analysis. There will be no danger of error, if labels are faithfully used ; and a 
great deal of time will be saved. The unaided memoiy is incapable of doing 
such work with that full certainty, admitting of no suspicion or after-qualms of 
doubt, which is alone satisfying, or indeed admissible, in scientific research. 
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Ized, and the liquid has an acid reaction on litmus paper (App., 
§ 48). A yellow precipitate of sulphide of arsenic will appear 
as soon as the alkaline solvent which kept it in solution is 
destroyed. The sulphide of arsenic differs from the sulphide of 
copper in that it is soluble in alkaline liquids. 

But in this series of experiments copper and arsenic stand as 
representatives of classes. The following common elements 
have sulphides which are insoluble in water, weak acids, and 
alkaline liquids : — Lead, mercury, bismuth, cadmium and cop- 
per. These elements constitute Class II. in our system of 
analysis. The following elements have sulphides which are 
insoluble in water « and weak acids, but soluble in alkaline 
liquids: — Arsenic, antimony, tin (and the precious metals gold 
and platinum). These elements constitute Class III. If all 
the elements of both groups had been present, the analytical 
process for separating one class from the other would not have 
been different from that just executed. 

The question may naturally suggest itself, how it happens 
that lead and mercury are included in Class II., when they were 
both precipitated in Class I. The chloride of lead, which is 
thrown down by chlorhydric acid, is not wholly insoluble in 
water ; hence it happens that the lead is not completely precipi- 
tated in Qass I. That portion of the lead which has escaped 
precipitation as chloride in Qass I., will be thrown down as 
sulphide in Class 11., for the sulphide of lead is insoluble in 
water, weak acids and alkalies. In regard to mercury, it will 
be remembered that there are two sorts of mercury salts, mer- 
curous salts and mercuric salts. The mercurous chloride 
(calomel) is insoluble in water; but the mercuric chloride 
(corrosive sublimate), is soluble in water. If, therefore, mercury 
be present in the form of some mercurous salt, it will be separ- 
ated as chloride in Class L If, on the contrary, it be present in 
the form of some mercuric salt, it will be separated in Class 11. 
as mercuric sulphide (HgS), for this sulphide is insoluble in 
water, weak acids, and alkaline liquids. If a mixture of mercur- 
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ous and mercuric salts be contained in the original solution, 
mercury will appear botli in Glass I. and Class 11* 

The treatment of Class 11. is ftiUy discussed in Chapter HL 
The separation of Class IIL And the taeans of separating the 
members of the class, eadi from the others, form the subject of 
Chapter IV. 

9, Definition of C!m$ IV* We now return to the study of 
the filtrate from Classes H* and m. Pour the liquid into a 
«mall evaporating dish, and boil it gently for fire or six minutes 
to expel the sulphuretted hydrc^n with which the fluid is stiU 
diarged. To make sure that all the gas is expelled, hold a bit 
of white paper moistened with a solutiou of acetate of lead 
(App., § 40) over the boiling liquid ; when the paper remains 
white, ail the sulphuretted hydrog^i is gone. Next, add to the 
liquid in the dish ten or twelve drops of strong nitric acid (App., 
^ 3), and again gently boil the liquid for three or four minuted, 
in order that all the iron present may be converted into ferric 
«alts. Then pour the liquid into a test-tube, add to it about oUe- 
third its bulk of chloride of ammonium (App., § 16), and finally 
add ammonia-water (App., § 18), little by little, until the mix- 
ture, after being well shaken, smells decidedly of ammonia. 
A brownish-red precipitate ctf hydrated sesquioxide of iron will 
separate from the liquid. Ammonia-water precipitates this 
fumiliat iron compound, even in the presence of saltB of amnw* 
nium, such as the chloride of ammonium which has been 
expressly added, and the nitrate of ammonium which has been 
formed during the neutralization of the acid liquid. Pour th^ 
contents of the test-tube upon a filter, rinse the tube and the 
precipitate once with a little water, and preserve the whole 
^trate for subsequent operations. 

Aluminum and chromium are precipitated, as iron has here 
been, by ammonia-water under the same conditions and in the 
same form, viz., aa hydrates. These three elements, therefore, 
constitute the fourth class, whose treatment forms the subject 
of Chapter V. The student may be curious to know why the 
presence of ammonium-salts is insisted upon before the elements 
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of this class are thrown down by ammonia-water. The ammo- 
nium-salts have nothing to do with the predpitation of iron, 
aluminnm and chromium; but by their faculty of forming soluble 
double salts, they prevent the partial precipitation of certain 
other elements which are more conveniently dealt with in classes 
which are to follow. The ammonium-salts keep in solution 
certain other elements which otherwise would encumber Class 

10. I>eJmUi(m of Clan K We now proceed to the exam- 
ination of the filtrate from the precipitate of Class IV. Bring 
this liquid to boiling in a test-tube, and add sulphydrate of 
ammonium (App., §, 14), little by little, to the boiling liquid as 
long as a precipitate continues to be formed. To make sure 
that the precipitation is complete, shake the hot contents of the 
test-tube strongly, and then allow the mixture to settle until the 
upper portion of the liquid becomes clear. Into this clear 
portion let fall a drop of sulphydrate of ammonium ; when this 
drop produces no additional precipitate, the precipitation is 
complete. Filter off the whitish precipitate of sulphide of zinc, 
and preserve the filtrate for further treatment. 

The element zinc, representing a new class of elements, is 
precipitated under the " conditions of the above experiment, 
because its sulphide, though soluble in dilute acids, is insoluble 
in alkaline liquids. The metals manganese, nickel and cobalt 
resemble zinc in this respect, and these four elements therefore 
form a new class, Class V., in this analytical method. The 
representative sulphide of this class was not precipitated by the 
sulphydric acid when that reagent was employed to throw down 
the members of the Classes 11. and III., because the solution 
was at that time acid. Again it was not precipitated with Class 
IV. by the ammonia-water, because the sulphydric acid gas, 
with which the solution had previously been charged, was 
expelled by boiling before the anmionia-water was added. The 
complete treatment of Class V. forms the subject of Chapter VI. 

11, Definition of Class VL Add to the filtrate, from Class 
v., two or three teaspoon&ls of carbonate of ammonium (App., 
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§ 15) and boil the solution. A white precipitate of carbonate 
of calcium will be produced. After boiUng, allow the precipitate 
to settle until the upper portion of the liquid is comparatively 
clear. To this clarified portion add a fresh drop of carbonate 
of ammonium. If this drop produce an additional precipitate, 
more carbonate of ammonium must be added, and the boiling 
repeated. To the partially clarified liquid add again a drop of 
carbonate of ammonium. This process of making sure of the 
complete precipitation of the calcium is essentially the same, 
as that prescribed in precipitating the last class, and is, indeed, of 
general application. When the precipitation of the calcium has 
been proved to be complete, filter the whole liquid, and receive 
the filtrate in a small evaporating-dish. Calcium is separated in 
the form of carbonate under these circumstances, because this 
carbonate is almost insoluble in weak alkaline liquids, when an 
excess of" carbonate of ammonium is present. The allied 
elements barium and strontium behave in the same way, so that 
these three elements, viz., barium, strontium and calcium, com- 
pose a new class — Class VI., whose complete treatment is set 
forth in Chapter VII. 

12. Definition of Class VIL Of the twenty-two metallic 
elements, which were to be classified (§6), only three remain, 
viz., magnesium, sodium and potassium. It is obvious that 
these three elements could not have remained in solution 
through all the operations to which the original liquid has been 
submitted, unless their chlorides and sulphides had been soluble 
in weak acids, and their oxides, sulphides and carbonates soluble 
in dilute ammonia-water, at least in presence of dilute solutions 
of ammonium-salts. It is a fact (hat all these compounds of 
sodium and potassium are soluble in water, and in weak acid, 
alkaline, and saline solutions ; the magnesium would have been 
partially precipitated in Classes IV., V. and VI., but for the 
presence of ammonium-salts in the solution. These three 
elements constitute Gass VII. 

Evaporate the filtrate from Class VI. until it is reduced to 
one-half or one-third of its original bulk. Pour a small part of 
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the evaporated filtrate into a test-tube ; add a little ammonia- 
water and a teaspoonful of phosphate of sodium (App., § 23), 
and shake the contents of the tube yiolently. Sooner or later a 
crystalline precipitate will appear. This peculiar white precipi- 
tate of phosphate of magnesium and ammonium identifies 
magnesium ; but as we have added a reagent containing sodium, 
the filtrate is useless for further examination. The liquid 
remaining in the evaporating-dish is then evaporated to dryness, 
and moderately ignited until fuming ceases. All the ammonia- 
cal salts which the solution contained will be driven off by this 
means, and there will remain a fixed residue, in which are 'con- 
centrated all the salts of magnesium, sodium and potassium, 
-which the original solution contained. In this case we have 
proved the presence of magnesium ; it remains to indicate briefly 
the nature of the means used to detect sodium and potassium. 
Dissolve the residue in the dish, or a portion of it, in three or 
four drops of water. Dip a clean platinum wire (App., § 67)^ 
into this solution, and introduce this wire into the colorless 
flame of a gas or spirit-lamp (App., § 62). An intense yellow 
coloration of the flame demonstrates the presence of sodium. 
A violet coloration would have proved the presence of potas- 
sium. Magnesium compounds,' when present, have no prejudicial 
effect on these characteristic colorations. The means of detect- 
ing each member of this last class in presence of the others will 
be found described in Chapter VIII. 

13. A condensed statement of the classification illustrated 
by the foregoing experiments is contained in the table on the 
next page. All the common metallic elements are embraced in 
it. The place of the precious metals gold and platinum is also 
indicated. The classification itself would not be essentially dif- 
ferent, if all the rare elements were comprehended in it. The 
general subdivisions would be the same, although some of them 
would embrace many more particulars. 

14. It is essential to success to follow precisely the pre- 
scribed order in applying the various general reagents. Class I. 
would go down with Class IL, were chlorhydric acid forgotten 
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§§ 14, 15, 16 CLAsa I. 15 

aa the first general reagent Claaa 11. would be precipitated in. 
part with Class IV. and in part with Class Y., if sulphuretted 
hydrogen should not be used In its proper place. A larger 
number of the members of the first five classes would be precipi- 
tated as carbonates with Cla^A YL, were they not preyiottsly 
eliminated by the systematic i^lication of chlorhydric acid* 
sulphuretted hydrogen, ammoniarwater and sulphide of ammo* 
nium in the precise order aod under the exact conditions above 
described. It should be noticed thajt all Jbhe general reagenta 
are volatile substances, which can be completely removed by an 
evaporation to dryness foUowod by a very moderate ignition. 

15, The series of experiments just completed is merely 
intended to demoastrate the priadplea in accordance with which 
these twenty-two eommon elements are classified for the pur- 
poses oi qualitative analysis. The general plan is here sketched ; 
the practical details, essential lo success in the conduct of an 
actual analysis, will be given hereafter* 



CHAPTER n. 

CLASS 1. CHLORIDBS INSOLUBtE IN WATER AND ACHMS. 

16. PreeijfdtaH<m of tke Mfmberst of Class Z Place in a test- 
tube five or six drops of a. tolerably concentrated aqueous solu* 
tjion q£ nitrate of silver, an equal quantity of a solution of nitrate 
of sub-oxide of mercury, and five or six drops of a solution of 
nitrate or acetate ot lead. Add enough water to the mixture to 
fill aboiiUa quarter of the tuhe^ and^ in ease the solution beeomea 
tvxhiA tibrough the action of csKcbonic add dissolved in the water,, 
pmur in one ov two cbropa oif mtric add to destroy the doudines&i 

Add dilute chlorhydric add to the. solution, drop by drop„ and 
ebakQ the mixture thoroii^»ULy after each addition of the add,, 
until the fireah portions of ihe lattee cease to form any prediuU 
tatd on coming in OQnt^t wOfi tbd efamparatively deaf liqjo^r 
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which floats above the insoluble chlorides. Finally add three or 
four more drops of the acid to ensure the presence of an excess 
of it in the solution. 

17. Analysis of, the Mixed Chlorides. The following method 
of separating the chlorides of lead, silver, and mercury, one from 
another, depends upon the facts : — 1st. That chloride of lead, 
though but little soluble in cold water, dissolves readily in boil- 
ing water, while chloride of silver and subchloride of mercury 
are as good as insoluble in that liquid. 2d. That chloride of 
silver is soluble in ammonia-water ; and 3d. That subchloride 
of mercury is discolored by ammonia-water without dissolving. 

To effect the separation : — Collect the precipitate, produced 
by chlorhydric acid, upon a filter, allow it to drain, and rinse it 
once or twice with cold water. Place a clean test-tube beneath 
the funnel which contains the filter and precipitate, thrust a 
glass rod through the apex of the filter, and wash the precip- 
itate off the filter into the test-tube by means of a wash-bottle 
which throws a fine stream. 

Heat the mixture of water and precipitate to boiling, pour 
the hot liquor upon a new filter, and add to, the filtrate two or 
three teaspoonfuls of dilute sulphuric acid. (App., § 7). A 
white cloud of sulphate of lead will be formed in the midst of 
the liquid. In case the precipitate contains a large proportion 
of chloride of lead, it may happen that the hot water will J^ake 
up so much of it that crystals of the chloride will separate from 
the clear aqueous solution as it becomes cold, or that the liquor 
wUl be rendered cloudy by the deposition of numerous small 
particles of the chloride. 

After the mixed precipitate of chloride of silver and subchlo- 
ride of mercury has been boOed in the test-tube several times 
with fresh water to ensure the removal of all the chloride of 
lead, make a hole in the filter, through which the filtrate of the 
last paragraph and the wash-waters have passed, and wash back 
into the test-tube the precipitate which has collected upon the 
paper. Carefully decant most of the water from the precipitate, 
pour into the tube twice as much ammonia-water as would 
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sufiBice to cover the precipitate,' warm the mixture at the lamp, 
and pour it upon a fresh ^tef. The dUoride of silver, dis- 
solved by. the ammonia-water, will pass into the filtrate, while 
the subchloride of mercury suffers decomposition, and is con- 
verted into an obscure compound of mercury, chlorine, nitrogen, 
and hydrogen, which remains upon tUe filter in the form of an 
insoluble black or gray powder. 

To confirm ike presence of silver, neutralize the ammoniacal 
solution with dilute nitric acid (App^ § 4), and observe that 
the chloride of silver is reprecipitated. 

To confirm the presence of mercury, the metal itself may be 
set free by heating the dry residue with carbonate of sodium 
(App., § 21) in a glass tube. To ensure the success, of this 
experiment, wash into ike lowest point of the filter the 
whole of the black residue, including those portions which have 
remained adhering to the sides of the test-tube. As soon as 
the last drops of liquid have drained from the filter, dry the 
latter, either in a dish upon a water-bath, or by spreading it 
open upon a ring of the iron stcmd (App., § 64) placed high above 
a small fiame of the gas-lamp. When the precipitate is completely 
dry, scrape it from the paper, mix it with an equal bulk of dry 
carbonate of sodium, and heat the mixture at Ihe bottom of a 
glass tube. No. 4, (App,, § 70) closed at one end. (Compare 
§ 76.) A sublimate of finely, divided metallio mercury will 
form upon the walls of the tube ; it will cohere to visible 
globules when scratched with, a piece of iron wire. 

18, An outline of the operations described in the foregoing 
paragraphs may be presented in tabular form, as follows : — 



The General Reagent (HCl) of Class I precipitates PbCl^, Ag- 
Cl ajid HgCl. When the precipitate is boiled with water : — 



PbClfl goes into 
solution. Con- 
firm presence of 
lead Dy precip- 
itation of sul- 
phate of lead. 



AgCl and HgCl remain undissolved. On treat- 
ing the mixture with ammonia-water: — 



AgCl dissolves. 

Confirm presence of 

silver with nitric 

acid. 



A black compound of mer- 
cury remains undissolved. 
Confirm raresence.of mercu- 
ry by isolating the metal. 
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CHAPTER in. 

CLASS IL SULPHIDES INSOLUBLE IN WATER, DILLTTE ACIDS 
AND ALIKALIES. 

19. Precipitation of the Members of Class IL Place in a 
small beaker »ix or eight drops of a strong solution of each 
of the following substances : — Chloride of mercury (corrosive 
sublimate), chloride or nitrate of bismuth, of cadmium, and 
of copper, together with two or three teaspoonfiils of a cold 
aqueous solution of chloride of lead. Fill the beaker half full 

. of water, add, drop by drop, enough strong chlorhydric acid to 
redissolvQ the basic chloride of bismuth which the water precipi- 
tates, then place the beaker beneath a chimney or in a strong 
draught of air, and saturate the solution with sulphuretted 
hydrogen gas. 

To determine when enough sulphuretted hydrogen has been 
passed through Itie liquor, remove the beaker every four or five 
minutes from the source of the gas, blow away the gas which 
lies in the beaker above the liquid, and stir the latter thoroughly 
with a glass rod. If, after the lapse of two or three minutes, 
the liquid still smells strongly of sulphuretted hydrogen, it is 
saturated with the gas and ready to be filtered. But in case no 
persistent odor of sulphuretted hydrogen is observed, the gas 
must be passed anew through the liquor until it has become 
fully saturated. Since some of the substances above enumer- 
ated are thrown down more quickly by sulphuretted hydrogen 
than the others, it is absolutely necessary to employ the reagent 
in excess in order that'those members of the class which are least 
easily precipitated may not escape detection. 

20. Analysis ofiJie Mixed Sulphides, The following method 
of separating the members of Class 11. depends upon the facts : — • 
1st. That mercuric sulphide is insoluble in dilute nitric acid, 
while the other sulphides are soluble therein. 2d. That sul- 
phate of lead is insoluble in acidulated water, while the sulphates 
of the other members of the class are soluble. 3d. That hy- 
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drate of bismuth is insoluble in ammonia-waier, while the 
hydrates of cadmium and copper are soluble in that liquid. 
4th. That sulphide of cadmium is soluble, and sulphide of cop- 
per insoluble, in hot dilute sulphuric acid. 

To effect the separation : — Collect the precipitated sulphides 
upon a filter ; wash the precipitate thoroughly with water^ in order 
to completely remove the chlorhydric acid which adheres to it ; 
make a hole in the filter, and rinse the precipitate into a small 
porcelain dish. Carefully decant the water from the precipitate, 
pour upon the latter four or five times as much dilute nitric acid 
a,s would be sufficient to# cover it, and boil the mixture during 
five minutes, stirring it constantly with a glass rod, and adding 
dilute nitric acid at intervals 'to replace the liquid Tfl^ch evapo- 
rates. A heavy black mass of sulphide of mercury, together 
with some free sulphur resulting from the decomposition of the 
other sulphides, will remain undissolved. Decant the nitric acid 
solution into a filter, collect the filtrate in a second porcelain 
dish, and evaporate it nearly to dryness. 

Pour water upon the residue insoluHe in nitric acid which 
was left in the first dish^ to remove the adhering liquid, and 
after this wash-water has been decanted, boil the residue with 
as much aqua regia (App., § 5) as will barely cover it. Dilute 
the acid solution with an equal volume of water, remove from 
it, by filtration or otherwise, any particles of free sulphur which 
may remain undissolved, and add to it almost, but not quite ^ 
enough ammonia-water to neutralize its acidity. Place in the 
still slightly acid solution a smaU bit of bright copper wire, and 
observe that metallic mercury is deposited upon the copper a3 a 
white silvery coating. After the lapse of ten or fifteen minutes, 
dry the wire upon blotting paper, drop it into a narrow glass 
tube which has been sealed at one end, and heat it at the lamp. 
Metallic mercury will sublime, and be deposited as a dull mirror 
upon the cold portions of the glairs. By scratching the subli- 
mate with the point of a bit of iron wire, the metal may be 
made to cq^ect into visible globules. 

When the greater part of the free nitric acid has been driven 
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off from the filtrate which contains the mixed nitrates of lead, 
bismuth, cadmium and copper, mix the residual liquor with two 
or three times its volume of dilute sulphuric acid, and leave the 
mixture at rest during fifteen or twenty minutes. Sulphate of 
lead will be thrown down as a heavy white powder. 

To confirm the presence of lead, collect the precipitate upon 
a filter, wash it with water, transfer it to a test-tube, pour upoa 
it two or three times its volume of a solution of normal diro-» 
mate of potassium (App., § 26), and heat the mixture to boiling* 
The white sulphate of lead will be converted into yellow chro* 
mate of lead, without dissolving, and the characteristic color of 
the atter may be made manifest by collecting it upon a filter, 
and washing it with water until the excess of chromate of potas*- 
sium has been completely removed. 

ColleGt the filtrate firom the sulphate of lead in a small 
bes^r, and add to it ammonia-water by repeated small portions, ' 
taking care to stir the liquid thoroughly after eadi addition <^ 
the ammonia, until a strong persistent odor of <the latter is per- 
ceptible. The hydrates of copper, cadmium, and bismuth will 
all be thrown down at first, but the hydrates of copper and 
cadmium will redissolve in the eacess of ammonia-water, and 
hydrate of bismuth will alone be left as an insoluble precipitate. 

To prove that this precipitate contains bismuth ; — Collect it 
upon a filter, allow it to draiu, and dissolve it in the smallest 
possible quantity of strong chlorhydric acid poured drop 
by drop upon thQ sides of the filter; carefully evaporate the 
acid solution to the bulk of two. or three drops, and pour it into 
a large tesMube nearly full of water. A. dense milky cloud of 
insoluble^basic chloride of bismuth will appesur in the wat^. 
Since sulphate of lead is not absolutely insoluble in water 
which contains nitric acid, a slight precipitate of hydrate of 
lead might be produced on the addition of the ammonia-water 
even when no bismuth was present in the solution. To prove 
the presence of bismuth, the oxychloride must always be care- 
• fully tested for. « 

The blue color of the ammoniacal filtrate from the hydrate of 
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liiamuth mdicates the presence c^ copper, and when wdl defined 
is of itself a sufficient proof of the presence of this element. 
But in the absence of a marked bine coloration, at tins stage, 
copper should be specially tested for- in the manner described 
below. 

To separate the eadmium from the copper, {proceed as fol- 
lows : — Transfer the ammoniacal filtrate to a glass flask, heat 
it to boiling, and drop into the boiling liquid sulf^ydrate of 
ammonium as long as a precipitate continues to be formed. In 
Older to be sure that the precipitatk)n is complete, remove the 
flask fix)m the lamp at intervals, shake it strcmgly, and allow its 
contents to settle, so that a comparatively clear liquia may 
appear at the top, and into this clear liquid pour a drop of the 
solphydrate. 

As a general rule, the operations of boiling and agitating 
tend to increase the coherency of precipitates, and to render 
them in some sense granular, so that they separate completely 
irom the liquid in which they form, leaving it clear and suscep- 
tible of rapid filtration. 

Collect the precipitate upon a filter, rinse it once or twice 
with water, and allow it to drain ; then punch a hole in the filter, 
and wash its contents into a glass fiask, using a quantity of 
water about six times the bulk of the precipitate. Pour upon 
the mixture one-sixth as much strong sulphuric acid (App., § 6) 
as there is water in the flask, shake the mixture of dilute add 
and pr^ipitate thus formed, and heat it until it actually boils ; 
then pour the boiling liquor upon a filter, and collect the clear 
filtrate in a beaker. Sulphide of cadmium alone will dissolve 
in hot dilute add of the prescribed Strength, the black sulphiib 
of copper remaining intact 

To prove the presence of cadmium, pass sulphuretted hydro- , 
gen gas' into the acid filtrate, and observe that the liquor imme- 
diately becomes cloudy from the presence of minute particles of 
sulphide of cadmium of characteristic yellow color. After some 
time this precipitate will collect at the bottom of the liquid. 

To prove the presence of copper, in case no blue coloration 
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was visible in the filtrate from hydrate of bismuth, transfer the 
black precipitate, insoluble in dilute sulphuric acid, to an evapo- 
rating dish, difilfeolve it in a few drops of boiling, concentrated 
nitric acid, remove and *wash the spongy mass of sulphur which 
is set free, neutralize the nitric acid with ammonia-water, acidify 
the solution with acetic acid (App., § 9), transfer it to a test- 
tube, and add one or two drops of a solution of ferrocyanide of 
potassium (App., § 27). A peculiar reddish-brown precipitate 
of ferrocyanide of copper will fall in case much copper be 
present, and even when the proportion of copper in the solution 
is extremely smaU, a light brownish-red cloudiness will be pro- 
duced. 

In the absence of copper, yellow sulphide of cadmium would 
at once be thrown down by the sulphydrate of ammonium, when 
this reagent is added to the filtrate from the oxide of bismuth ; 
and no further evidence of the presence of cadmium would be 
required. 

21. The operations above described may be presented in 
tabular form as follows: — 



The General Reagent (H2S) of Class IL precipitates HgS, PbS, Bi2S3, CdS, 
and CuS (as well as members of Class IIL, which are subsequently separated 
by solution in alkalies). When the precipitate is boiled with nitric acid: — 



A residue of 
HgS, plus S, 
remains. 
Confirm 

presence of 
mercury with 

copper wire. 



The nitrates of Pb, Bi, Cd and Cu go into solution. On ad- 
ding dilute sulphuric acid to the concentrated solution: — 



PbS04, is 
thrown down. 
Confirm the 
presence of 
Pb by con- 
• verting 
PbS04 mto 

PbCr04. 



The sulphates of Bi, Cd and Cu remain in 
solution. On adding an excess of ammonia- 
water:'— 



Hydrate of 
Bismuth is 
thrown down. 
Confirm Bi 
by precipit- 
ating the oxy- 
chloride. 



Compounds of Cd and of Cu 
remam in solution. Throw 
down CdS and CuS with 
(NH4)HS, and boil with dilute 
sulphuric acid:— 



CdS04 goes 
into solution. 
Confirm pres- 
ence of Cd by 
precipitation 
ofXJdS. 



CuS remains 
undiss(dved. 
Confirm pres- 
ence of Cu by 
testing with 
ferrocyanide 
of potassium. 
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22. The Mdhod of Separaimg Class I. from Gass IL has 
already been particularly described in § 6. It should be ob- 
served, however, that even if no member of Class L were 
present in the mixture to be analyzed, it would still be neces- 
sary to acidulate the liquid with chlorhydric acid, before passing 
the sulphuretted hydrogen, in order to prevent the precipitation 
of members of Classes IV. and V., and to secure the complete 
precipitation of members of Class m. 

The liquid should be watched attentively when the stream of 
st^phuretted hydrogen first begins to flow through it, since 
fisefhl inferences may often be drawn from the various phenom- 
ena which present themselves. 

a. Thus, the formation of a white precipitate which after- 
wards dianges to yellow, orange, brownish-red, and finally to 
blad(, as the liquid gradually becomes saturated with the gas, 
indicates the presence of mercuric chloride. The white precipi- 
tate at first formed is a compound of chloride and sulphide of 
mercury (HgCl2;2HgS), but by the action of successive por- 
tions of sulphuretted hydrogen, the composition and appear- 
ance of the precipitate is changed, until it has been completely 
converted into black sulphide of mercury. 

& If the precipitate is of a dull red color at first, afterwards 
changing to black, the probable presence of lead is indicated ; 
for sulphuretted hydrogen throws dovm from solutions which 
contain mudi free •chlorhydric acid a red compound of chloride 
of lead and sulphide of lead, which is afterwards decomposed , 
with formation of the black sulphide, when the solution becomes 
saturated with the gas. 

c. A decided bright yellow precipitate would indicate the 
presence of cadmium, arsenic, or tin ; of these three, cadmium 
is distinguished by the hx^t that its sulphide remains undissolved^ 
when the precipitate is treated with caustic soda to separate 
the members of Class HE. 

But even from solutions which contain no members of Classes 
II. or in. yellowish-white or milky-white precipitates of free 
sulphur are often thrown down ; for sulphuretted hydrogen is 



easiij 4)dCQiii§a8H w^ ^ d^^K^oii^ qI mipbm, tty a variety of 
p^idizlng agi^ntf , sucb af nitn^ cb|:9i]^€» m^ oblo|i<$ itcidis^ ij^cl 
iM>lutioii& of feme 8«4^ ^d of fr^ ohlorme. If tbe solDtjoo 
pider examinatioji contaiQed iiih€i}i' citric acid) su^phufelted 
hydrogen would ba^ne to be p^Mised through it foir a long iksn^ 
to destroy the acid, before the liquid oould be saturated with the 
gSifi. la this case t^ sulpl^ur sepapa/tes as a tebacious uuws of 
dirty yellow color ; but in most instances) notably when the solu* 
^ou coutains a ferric as^t, the sulpdiur is precipitated' in the ft>nn 
<xf exceedingly minute ptirtidea, which ii^part to the selutiei^ ^ 
peculiar milkiness or opalescence. These psirticles are' i^ &ie 
that they pass through the pores o£ filter paper ; they cani^t, be 
isemoved by filtra^tion. 

If the origiual soluUon contains a duromate, its yellow or 
reddiah^y^^w color will be change^d to green by the aptioU' of 
sulphuretted hydrogen ; for the chromate is reduced to the con- 
dition of sesquichloride of chromium : -r- 

2MCrO4+l0Ha+SH2S=-Cr2CIe+8SH-2Ma2+8HaO. 

The suilphup is set free in the £»nn of the minute white par- 
ticles above described, and remains suspended in the green 
Mquid^ looking, not unlike a green precipitate* 

A white precipitate <rf sulphur would be thrown down even 
before the passage o£ sulphuretted hydrogen, in case the original 
solution contained a hyposulphite ; for this class of salts- is 
deeomposed, with evolution of sulphurous acid and deposition of 
sulphur, en the addition of the general reagent (HGI) of Class T. 
Some sulphides also are decomposed by chlorhydric add, with 
deposition of sulphur. A gelatinous White precipitate of hy- 
drated silicic acid might also be formed at this stage in certain 
drcomstancesy as will be explained hereafter (§§ 67, 80, a.). 

d. The immediate formation of a black precipitate indkates 
the presence of copper or bismuth, and it is to be observed that 
either of these black predpitates would obscure the colors of 
the other sulphides of the class, and conceal them if present. 
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^. If no predpltate appears even when the Bquid haa be- 
o^fee saturated with tlie gas, the absesce of every member ^f 
Classes II. and IIL is of coarse to be inferred. 



CHAPTER IV. 

Ci«4SS IIL 6ULPHH)ES INSOLUBLE IN WATER OB DILUTE ACXPf^ 
BUT SOLUBLE IN ALKALINE SOLUTION*, 

23. Precipitation of the Members of Class IIL . Place in a 
spaall beaker six or eight drops of strong solcitions of the. chlo- 
rides of arsenic, antimony and tin. Pour in enough dilute 
diiorhydric acid to half fill the beaker, and, if need be^ a suffi- 
cient number of drops of strong chlorhydric acid to dissolve any 
cloud of basic chloride of antimony which may appear in the 
liquor. Pass sulphuretted hydrogen gas through the solution, 
in the manner described in § 19, until the odor of the gas 
persists. Then collect the precipitated sulphides upon a filter? 
and 4nse the precipitate once or. twice with i^ater. 

In the analysis of any complex solution of unknown composi- 
tion which might contain one or all of the members of Class III,, 
the sulphides of this class would, of course, all be thrown 
down at the same time as those of Class 11. (Compare §§ 8, 
21.). It will be well, therefore, for the sake of illustration, 
for the student to dissolve the present precipitate in (jaustic 
soda in order that he may begin the treatment of Class III. 
at the precise point at which this class would be encoun- 
tered in an actual analysis ; namely, with the sulphides of the 
class in alkaline solution. To this end, allow the washed pre- 
cipitate to drain, spread out the filter upon a plate of glass, 
scrape the precipitate from the paper with a. small spatula of 
platinum, horn, or wood, and transfer it to a porcelain dish. 
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Pour upon the precipitate two or three times as much of a solu- 
tion of caustic soda as would be sufficient to cover it, and boil 
the mixture very cautiously, so as to avoid spattering. The 
precipitate will dissolve readily, and no solid matter will be left 
suspended in the solution, excepting a few fibres of the filter 
paper. It is such a solution as this which in an actual analysis 
is examined for members of Class III. 

Pour the alkaline solution into a beaker, and stir into it, little 
by little, dilute chlorhydric acid until the liquid exhibits an acid 
reaction. The sulphides of arsenic, antimony and tin are re- 
precipitated, as such, as soon as the solution is made add. 
(Compare the authors' Manual of Inorganic Chemistry, p. 264.) 

24 • Analysis of the Mixed Sulphides. The method here 
given of separating arsenic, antimony and tin depends : — lst« 
Upon the solubility of sulphide of arsenic in i dilute aqueous 
solution of carbonate of ammonium, and the insolubility, or very 
slight solubility of the sulphides of antimony and tin in that 
liquid ; 2d. Upon the conversion of the sulphides of antimony 
and tin into oxides by fusion with nitrate of ammonium ; and 
3d. Upon the solubility of oxide of antimony, and the insolu- 
bility of oxide. of tin, in a solution of tartaric acid. 

To effect the separation : — Collect upon a filter the precipi- 
tate produced by neutralizing the alkaline solution, wash it with 
water to remove the acid and the chloride of sodium which adhere 
to it, and allow it to drain. Spread out the filter in a smalf 
porcelain dish, and cover its contents with a dilute aqueous solu- 
tion of carbonate of ammonium, — obtained by. dissolving one 
part of the solid carbonate in twelve parts of water, or by mixing 
one volume of the strong solution (App., § 15) employed as the 
general reagent of Class VI. with two volumes of water, — and 
stir the mixture. After the lapse of four or f\\^ minutes, pour 
the carbonate of ammonium solution upon a new filter, collect 
the filtrate in a beaker, and stir into it successive drops of 
dilute chlorhydric acid, — taking care to add no more than a 
single drop of the acid at any one time, — until carbonic acid • 
ceases to escape, and until the liquid exhibits a strong acid reac- 
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tion when tested with litmus paper. A bright yellow precipi- 
tate of sulphide of arsenic will separate immediately from the 
acid liquor, in case much arsenic is present ; or a yellow cloudi- 
ness will appear at first, if the quantity of arsenic in the solution 
be minute. In the latter case the mixture must be left at rest 
fbr some hours, in order that distinct yellow flocks of the sul- 
phide may collect at the bottom of the vessel. 

To confirm the presence of arsenic, collect the precipitated 
sulphide upon a filter, dry it thorougJdy at a gentle heat, scrape 
it from the paper, place it in a narrow glass tube which has been 
blown to a bulb at one end (see App., § 74), and cover it with 
five or six times its bulk of a 'perfectly dry mixture of equal 
parts of carbonate of sodium and cyanide of potassium (App., 
% 29). The bulb of the tube must be large enough to hold 
twice as much of the mixture as is really to be placed in it, in 
order that there may be room for the mass to swell when it is 
heated and fused. After the bulb has been charged, wipe out 
the inside of the tube with a tuft of cotton fixed to a wire, or 
with a twisted strip of paper, and heat the contents of the bulb 
during two or three minutes in the flame of a gas-lamp. A dark, 
lustrous ring of metallic arsenic will be deposited upon the cold 
walls of the tube. 

The mixed precipitate of sulphide of antimony and sulphide 
of tin, insoluble in carbonate of ammonium, is treated as fol- 
lows : — Carefully wash all the precipitate from the dish and 
the old filter into the apex of the new filter. Allow the precipi- 
tate to drain, spread open the filter, and dry it thoroughly with 
its contents, as directed on p. 17. When the filter has become 
dry, cut off and throw away those portions of the paper to 
which none of the precipitate has adhered, cut the rest of the 
filter into small pieces, and mix the fragments, precipitate, paper^ 
and all, with three or four parts of crystallized nitrate of ammo- 
nium (App., § 18). 

Put a sipall porcelain crucible upon a triangle on the iron 
ring stand (App., § 64), and place the apparatus und^r a chim- 
ney or hood fitted to carry away noxious futnes. By means of 
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a Bunsen's burner or a spirit-lamp (App., § 62), fiite & small 
teaspoonful of nitrate of ammonium in the crucible at tba lowest 
possible temperature, and project into the melted salt succetfsire 
small portions of the mixture of precipitate, paper and nitrate 
of ammonium, until the whole of the mixture has been thrown 
into the crucible, and all the sulphur and organic matter has 
been oxidized. It is important that this operation should be 
conducted with care and deliberation, and at a comfpara^vely 
low temperature, lest considerable portions of the sulphides be 
thrown out of the crucible and lost in the tumultuous ebtfllitieci. 
In case any portion of the mixture fiiils to be consumed ittXfie- 
diatel J when thrown into the crucible, a few crystals of ni^ate of 
ammonium may be thrown in directly upon the unbumt portion 
to accelerate its combustion. After the last portion o tSe 
precipitate has l:|^en oxidized, and all the nitrate of ammonium 
has been destroyed, as will be the case when white fttmes are 
no longer giyen off from the crucible, the contents of the latter 
should be heated for a short time longer to decompose the 
antimonic acid which has been formed. 

When the crucible has become cold, pour into it as much of 
a saturated aqueous solution of tartaric acid (App., $ 10) as will 
fill it a third or half full, and heat the mixture almost, but. not 
quite, to boiling, taking care not to* heat any part of the crucible 
so hot as to bum or blacken the tartaric acid. The oxide of 
antimony will enter into solution as tartrate of antimony, and 
the oxide of tin will remain as %n insoluble powder. 

After the lapse of four or five minutes, pour the hot tartaric 
acid solution upon a small filter, add to the filtrate a few drops 
of chlorhydric acid, and test it for antimony with sulphuretted 
hydrogen. An orange-red colored precipitate of sulphide of 
• antimony will be thrown dpwn, either immediately or, if but 
little antimony be present, after the lapse of some hours. 

The color of sulphide of antimony is so characteristic that 
there is usually no reason for resorting to any other reaction to 
confirm the presence of this element. In case of need, however, 
another test mighf be employed, as follows : — Choose a cork or 



§ 24 ANALYSIS OF GLASS IIL 29 

caputchouofi topper provided with two holes, which fits accurately 
the iiaouth of a wide test-tube. Fit a small thistle tube to one 
of the holes, and to the other a short straight tube, drawn to a 
rather fine open poiat. Put a fragment of granulated zinc into 
the test-tube, close the tube with the perforated cork, and pour 
in two or three times as much dilute chlorhydric acid as would 
cover the zinc. Meaawhile, dissolve the precipitate, supposed 
to be. sulphide of aaitimony, which was produced by sulphuretted 
hydrogen in the acid solution, by boiling it with four or five 
drops of strong chlorhyd4;ic acid. 

After hydrogen has been generated freely during four or five 
minutes by the mixture in the tube, and all the air originally 
contained in the latter has been expelled, light the gas issuing 
from the pointed glass tube, pour into the thistle tube the 
chlorhydric acid solution of the supposed sulphide of antimony, 
and hold a cold porcelain dish in the flame, taking care to shift 
the position of the dish frequently so that fresh surfaces of 
porcelain may be exposed to the burning gas. If there be 
really any antimony in the chlorhydric acid solutioQ, antimoniu- 
retted hydrogen will be evolved, together with free hydrogen, 
and characteristic smoky-black spots or stains of metallic anti- 
mony will.be deposited from it upon the cold porcelain. To be 
sure that the spots are really composed of antimony and not of 
arsenic, cover them with a solution of bleaching powder (hypo- 
chlorite of calcium) ; if they are antimony spots they will not 
dissolve, while arsenic spots dissolve at once. 

In order not to explode the test-tube on lighting the gas, the 
operator must wait patiently for several minutes, until all the 
air has been expelled from the tube. 

To prove the presence of tin : — Carefully collect the whole 
of the residue insoluble in tartaric acid, in a porcelain dish or 
crucible, pl&ce upon it a fragment of metallic zinc as large as 
half a pea^and cover the zinc with strong chlorhydric acid. 
The binoxide of tin will be decomposed and a coating of metal- 
lic tin will collect on the zinc. When all, or nearly all, the 
zinc has dissolved, transfer the dark spongy mass of tin to a 
test-tube, and dissolve it in three or four drops of boiling con- 
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centrated chlorhydric acid. As sooa as the solution is complete, 
add to it two or three drops of a solution of mercuric chloride 
(corrosive sublimate) (App., § 45). A white or gray precipitate 
of mercurous chloride (calomel), often mixed with metallic 
mercury, will be thrown down, for : — 

HgCl2+SnCl2=HgCl+SnCl4 and 2HgCl+SnCi2=2Hg+Siia,. 

To prove that the precipitate really contains calomel, decant 
the supernatant liquid, cover the precipitate with ammonia- 
water, and heat the mixture to boiling. ^(Compare p. 16.) 

In the case of mixtures containing gold and platinum (see 
§ 13), as well as ai'senic, antimony and tin, the gold and platinum 
would remain with the tin, without interfering in any way with 
the separation or detection of either member of the class. Since 
the sulphides of gold and platinum are both black, while those 
of arsenic and tin are yellow or brown, and that of antimony is 
orange, the presence of any considerable quantity of either of 
the precious metals would be indicated by the black color of the 
class-precipitate. There are excellent special tests both for 
gold and for platinum, by which these elements may be detected 
even in the presence of all the other metals. Hence it is most, 
convenient to make special search for them in the original sub- 
stance, by methods to be described hereafter (§ 92 5.), whenever 
the preliminary examination has given reason to suspect the 
presence of either of them. 

' 25* An outline of the foregoing operations may be presented 
in tabular form, as follows : — • 



The General Reagent (H2S) of Class III. precipitates A82S3, SbsSa, and 
SnS or SuS2 [AusSs and PtS2]. (As well as members of Class IL, from 
which Class IIL is separated by solution in alkali and reprecipitation with 
an acid). Digest the precipitate in a weak solution of carbonate of am- 
monium: — 



AS2S3 dissolves and 
may be reprecipita- 
ted by neutralizing 
the solution with 
HCl. Confirm pres- 
ence of As by re- 
ducing AS2S3 with 
NagCOs+KCN. 



Sb2S3, SnS and SnS2 [AU2S3 and PtS2] remain undis- 
solved. Fuse with (NH4)N03. Digest residue in 
tartaric acid: — 



Sb203 goes into solution. 
Prove presence of Sb by 

grecipitation of orange" 
b2S3. 



Sn02 [Au and Ft] re- 
mains undissolved. 

Prove presence of Sn 
by means of Zn+HgCl2. 
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26. "^he Method of Separating Class IZ from Class III, has 
been sufficiently described in §§ 8, 23. Attention should be paid 
to the color of the precipitate produced when the caustic soda 
solution is neutralized with chlorhydric acid, for : — 

An^ orange colored precipitate indicates the presence of anti- 
mony; 

A bright yellow precipitate, the presence of arsenic ; 

A duU yellow precipitate, white at first, the presence of bisul- 
phide of tin and 

A dark brown precipitate, the presence of protosulphide of tin. 

A white, milky precipitate of sulphur 'is often thrown down 
when the caustic soda solution is made acid, but this sulphur 
precipitate need not be specially examined for members of Class 
m., except in cases when it is so dense that small portions of 
the sulphides might be concealed in it. 

A black precipitate would indicate the presence of gold or 
platinum. These elements must be specially sought for accord- 
ing to the methods set forth in § 92 ft. 

These colorations are valuable only in so far as they afford 
evidence of the presence of some one member of the class ; they 
hy no means prove the absence of the other members. 



CHAPTER V. 

CLASS IV. HYDRATES INSOLUBLE IN WATER, AMMONIA- 
WATER AND SOLUTIONS OF AMMONIUM-SALTS. 

27. The leading fact upon which the separation of this 
class is based is the insolubility of the hydrates of iron, alumi- 
num and chromium in ammonia-water, even in presence of 
solutions of ammonium-i^ts. But these three hydrates are not 
the only substances which are liable to be precipitated in an 
ftctual analysis. when ammonia-water is added in excess to a 
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solution previously acid. There are a number of salts, soluUe 
in a^ids, but not in water or in weak alkaline liquids, which are 
thrown do.wn as salts, without change, when their acid solvent id 
destroyed. 

It is cl^ar that it is needless to provide in this place against 
the presence of such salts of elements belonging to Classes L, 
n. and ni. Those elements are already eliminated when the 
fourth class is taken in hand. But if there are any salts of 
elements belonging to the fourth and higher classes which can 
only be kept in solution by a free acid, they will be precipitated 
without change in consequence of the neutralization of their 
solvent by the ammonia-water added to precipitate the three 
hydrates above mentioned. Such salts are the phosphates of 
several members of Classes IV., VI. and VH., besides a number 
of oxalates, borates, silicates and fluorides which occur so seldom 
that they need not be particularly considered in an elementary 
treatise. Beside the phosphates, several chromites and alumin- 
ates of members of Classes VI. and VII. . are insoluble in 
ammonia-water, and are often thrown down wholly or in part 
along with the legitimate members of Class IV. Manganese 
also (a member of Class V.) is frequently precipitated in com*- 
bination with members of Class IV. in the form of chromite, 
ferrite or aluminate of manganese. The general scheme for the 
examination of Class IV. necessarily provides for the detection 
of all the members of the class in the possible presence of these 
extraneous substances. 

28. Precipitation with Ammonia-water. Pour into a beaker 
six or eight drops of aqueous solutions of sulphate of iron (cop- 
peras), sulphate of manganese, common alum and chrome-alum. 
Dissolve in a few drops of strong boiling chlorhydric acid as much 
bone-ash as could be held on half a pea, and add the soluticm 
to those already placed in the beaker. Fill the beaker about 
one-third full of water, heat the mixture to boiling and add to it 
two or three drops of strong nitric acid to convert the iron into 
sesquioxide. Then add, little by little, ammonia-water to the 
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boiling liquor until a distinct odor of ammonia is perceptible 
after the mixture has been thoroughly stirred. 

29. Ancdysis of the Mixed Precipitate. The following 
method of detecting iron, chromium, aluminum (and manganese) 
in the mixed precipitate which may contain all of them, together 
with phosphates and other compounds of barium, strontium, 
calcium and magnesium, depends : — 1st, Upon the sparing 
solubility of 4;he oxalates of barium, strontium, calcium and 
magnesium in water acidulated with oxalic acid, and upon the 
ready solubility of ferric oxide and the oxides of chromium, alu- 
minum and manganese in that liquid. 2d, Upon the fact that 
Prussian blue is formed when a solution of ferrocyanide of po- 
tassium is added to the solution of a ferric salt. 3d, Upon the 
conversion of the oxide of manganese, chromium, or aluminum 
into manganate, chromate, or aluminate of sodium (or potas- 
sium), when fused with a mixture of carbonate of sodium and 
saltpetre ; and the facts that manganate of sodium has a peculiar 
green, and chromate of sodium a piculiar yellow, color. 4th, 
That chromate of lead is thrown down as a bright yellow 
powder when the solution of the chromate of an alkali-metal 
is added to one of acetate of lead. 5th, That hydrate of 
aluminum may be isolated in the state df a peculiar flocculent 
precipitate. 

The details of the treatment of 4he precipitate produced by 
ammonia-water, are as follows : — Collect the precipitate upon a 
filter, wash it two or three times with water, transfer it with a 
spatula to a porcelain dish, pour into the dish twice as much of 
an aqueous solution of oxalic acid (App., § 8) as would be suifi- 
cient to cover the precipitate, and boil the mixture during four 
or five minutes, taking care to add, little by little, water enough 
to replace that lost by evaporation. At last pour into the boil- 
ing solution half its own volume of water, allow the mixture to 
become cold, collect upon a filter the insoluble oxalates (of mem- 
bers of Classes VI. and VII.) which have been deposited, wash 
them thoroughly with water, dry the filter and its contents and 
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preserve them for future examination in connection with Clas^ 
VI. (See §39.) 

Transfer a small. portion of the filtrate to a test-tube, and add 
to it a drop of a solution of ferrocyunide of potiissium.. The 
liquid", will immediately become colored with Prussian blue. In 
case much iron be present^the blue color - will, be too deep to be 
recogidzed until a large quantity, of water has been poured it^to 
the tube. 

Evaporate the rest: of the filtrate to dryne9fl in. a porcelain 
dish, taking care to stir the liquid. constantly, so that none of the. 
material shall be thrown out of the dish and lost by tumultuous, 
boiling, and ignite the residue to destroy the oxalic acid. When 
the dish has become : cold, cover the residue with two or three 
times its bulk of a dry mixture of equal parts of carbonate of* 
sodium and nitrate of potassium (App,,.§.30). Eub the ma- 
terials together strongly with the finger, transfer the mixture to 
a piece of platinum foil and fuse \t thoroughly in a. strong oxidiz- 
ing blow-pipe flame (App., § 66). In case the quantity of 
material be large, it may be fused in a platujum, crucible at the 
blast-lamp, or upon the foil, as before, in several successive 
portions. The greenish, brown-green, or yellow-green colora- 
tion which the ftised mass , exhibits is a su£Bcient inctication of 
the presence of manganese. 

If o|ily a manganese compound, and no chromium, had been 
fused upon the foil, the^ cold mass would have exhibited the 
peculiar bluish-green color of manganate of. sodium (p. 40). 
If only chromium had been present, the bright yellow color of 
chromate of sodium would have been clearly perceived^ But 
from mixtures of the manganate and chromate of sodium, in vari- 
ous proportions, different shades of green will result. 

Place the platinum foil in a porcelain dish, cover it witbi 
water, boil the latter until all the saline matter haS: been, 
dissolved from the foil, and observe the yellow color which. the 
chromate of sodium imparts to the liquid. Filter the solution 
from the oxide of iron (and of manganese) whidhi remains inert 
and insoluble, and divide the filtrate into tw6 portions. . Cafe- 
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Eolly add acetic acid, drop by drop^ to one portion of the filtrate 
until the liquor ezhdbita an acid reaction, and then add to it two 
pr three drops of a. solution of acetate of lead (App., § 39). An 
insoluble precipitate of chromate of lead will be immediately 
thrown down, exhibitiiaig a bright, yellow color if the reagents 
were all pure^ But i^ as often happens, the carbonate of 
sodium, employed as the fiux,, was contaminated with sulphate 
of sodium, the yellow color of the precipitate will tend towards 
white, in proportion to. the amoui^t of sulphate of Lead which has 
gone down together with the chromate* A pure white precipi- 
tate would be no indicatioa of chromium, but only of a sulphihte 
in the reagents. • 

Acidulate tha other portion of the aqueous solution of the 
fiised sodium compounds with dilute chlorhydric acid, add 
ammonia^water to slight alkaline reaction, warm the mixture 
and leave it at rest for at least half an hour or, better, over 
night. After the laps^ of some time, a characteristic, gelatinous 
colorless agglomeration of particles of hydrate of aluminum will 
appear at the top or bottom of the liquid. It should be said, 
that fiocks of hydrate of aluminum, when diffused through a 
liquid, are almost transparent enough to elude observation. . 

When an acid solution, containing much aluminum, is mixect 
with ammonia-water and warmed^ a copious precipitate ot hy- 
drate of aluminum will appear immediately, and wilt oftdij^ 
remain floating for some time upon the surface of the solution! 
by .viutwe of bubbles of air entangled in it. But since it is not 
easy to convert the whole of the alumina in the original precipi- 
tate into soluble aluminate of sodium, by fiision with carbonate 
of sodium in the method above described, the quantity of the 
hydrate to be thrown down at the final test is often very small, 
and considerable time must be allowed, in order that every/ 
particle of it may separate from the soluticm, and all the paro- 
tides collect into a single mass. • 

To confirm the presence of aluminum, collect the hydrate in 
the point of a small filter and allow it to drain. Cut away the 
superfluous paper, place, that portion of the filter to which the. 



36 



TABLE FOR CLASS IV. 



§ 30 



precipitate is attached upon a piece of charcoal, and heat it in- 
tensely in the blow-pipe flame. Moisten the residue with a 
drop of a solution of nitrate of cobalt and again ignite it strongly • 
The unfased compound of aluminum, cobalt and oxygen left 
upon the coal will exhibit a deep sky-blue color when allowed 
to cool. The reaction is useful in distinguishing the hydrate of 
aluminum from that of glucinum, an element somewhat simila.iT 
to aluminum though far less abundant. Hydrate of glucinum 
when ignited with nitrate of cobalt does not yield a pure bluer 
compound, but only a gray mass. 

30. An outline of the foregoing operations may be tabu- 
lated as follows : — 



The General Reagent ([NHJHO, mixed with NH4CI) of 
Class IV. precipitates the Hydrates of Fe, Cr and Al, together 
with Mn (as a chromite, ferrite or aluminate), and various phos- 
phates and other compounds of Fe, Cr, Al, Ba, Sr, Ca and Mg. 
Boil the precipitate in a solution of oxalic acid: — 



Oxalates of 
Ba, Sr, Ca 

and Mg 
separate in 
the form of 
a powder, 

which is 

collected 
for future 

examina- 
tion in con- 
nection with 

Class VI. 



Oxalates of Fe, Al, Cr and Mn go into solution. Test 
a small portion of the solution for Fe with ferrocy- 
anide of potassium. Evaporate the remainder to dry> 
ness and ignite. Mix the residue with dry Na2C08 and 
.KNOa, and fuse upon platinum foil: — 



Oreen 

color of 

fused 

mass 

proves 

presence 

of Mn. 



Dissolve in hot water: — 



Yellow color of 
ac^ueous solution in- 
dicates Cr. Con- 
firm Cr by precipita- 
tion of PbCrO*. 



Acidulate a portion of 

the solution with HCl, 

and add (NH4)H0:— 

Colorless flocculent 

precipitate proves 

presence of Al. 



31. Separation of Glass IV. from Class III, The methods 
of eliminating Classes I., II. and III. from mixtures which con- 
tain members of these classes as well as of Class IV., has 
already been described in §§*!; and* 8. 

It is essential to the success of the operation that all the snl- 
phuretted hydrogen in the filtrate from Classes 11. and III. be 
expelled, and that any iron which may be contained in the 
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solution be oon verted to the state of a ferric salt, before the 
general reagent (NH4HO) of Class IV. is added to the liquid. 
For sulphuretted hydrogen precipitates all the members of 
Classes IV. and Y. from alkaline solutions, and the filtrate now 
in question is, of course, made alkaline when ammonia-water is 
added to it. The iron must be oxidized, because ferrous hydrate 
is somewhat soluble in ammonium-salts, and could not, there- 
fore, be precipitated completely by ammonia-water from the acid 
filtrate from Classes 11. and III. 

No matter what the condition of the iron may have been in 
the original solution, it is reduced to the. state of ferrous salt by 
sulphuretted hydrogen. The filtrate from the precipitate pro- 
duced by sulphuretted hydrogen (the general reagent of Classes 
II. and III.) should, therefore, be placed in a porcelain dish, and 
boiled, until the steam from it ceases to blacken lead paper 
(App., § 40). After the sulphuretted hydrogen has been ex- 
pelled, three or four drops of strong nitric acid must be added 
to the liquid, and the mixture boiled for a moment longer to 
oxidize the iron. If much iron be present, the liquid will turn 
yellow. 

To determine whether the iron in the substance subjected to 
analysis was originally in the state of a ferric or a ferrous salt,, 
test a small quantity of the original solution with a drop of ferri- 
cyanide of potassium (App., § 28). The formation of Prussian 
blue proves the presence of a ferrous salt. Another small 
portion of the original solution, tested with a drop of a ferrocya- 
nide of potassium, would yield Prussian blue in case the solution 
contained a ferric salt. In applying either of these tests, the 
blue coloratioa, indicative of iron, is alone to be looked for ; no 
notice need be taken of other colorations, or of precipitates 
formed by the action of the ferri- or ferro-cyanide upon the 
various metallic salts which the solution may contain. The 
possibility that a ferrous salt may have been changed into a 
ferric during the process of getting the original substance, if a 
solid, into solution, must not be lost sight of. 

After the iron has been oxidized, a small quantity of a solution 
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of chloride of stmmonium is added to the boiling liqaid, and 
finally ammonia«wat€r, little by little, with constant stirring, 
until a persistent odor of ammonia is perceptible. A large 
excess of ammonia must l>e careftilly avoided, for hydrate of 
aluminum, being somewhat soluble in ammonia^water, might be 
kept in solution, to the distarbaiice of the analysis of Classes 
VI. and Vn. 

It will be remembered that the object of using chloride of 
ammonium is to hold in solution magnesium (of Class VII.) and 
the members of Class V. A considerable quantity of the am- 
monium salt will, of course, be formed in any event by the 
action of the ammonia-water upon the chlorhydric acid in the 
solution, but it is best always to add a further portion of the 
chloride, as a precautionary measure. 

The following inferences may be drawn from the color of the 
precipitate produced by ammonia-water : — 

A gelatinous white precipitate indicates aluminum or phos- 
phate of calcium. 

A grayish-green or grayish-blue precipitate indicates chro- 
mium. 

A reddish-brown precipitate indicates iron. 

If no precipitate is produced by the ammonia-water, all the 
members of Class IV. are absent, and the solution may at once 
be tested with sulphydrate of ammonium, the general reagent of 
Class V. 

When the solution contains much chromium, a small portion 
of this element is apt to remain dissolved at first in the excess 
of ammonia-water, and to color the solution pink' ; but by con- 
tinuing to boil the solution, the color may be made to disappear, 
and the whole of the chromium thrown down. Care must be 
taken to replace, by small portions, the water driven off by 
boiling, lest some of the members of Class V. be • rendered 
insoluble. 

It is to be observed that the legitimate members of Class IV. 
cannot be completely precipitated^ by ammonia-water from 
solutions which contain non-volatile organic substances, like 
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albumen, sugat, starch, fuid so forth, or organic acids (such as 
tartaric, citric, oxalic, or even in some cases acetic acid) which 
form soluble double salts by uniting simultaneously with the 
ammonium and one or more of the members of the class. The 
treatment of substances containing organic matter will be 
explained hereafter. (§ 76, L) 



CHAPTER VI. 

CLASS V. SULPHIDES INSOLUBLE IN WATER AND IN SALINE 
OR ALKALINE SOLUTIONS. 

32. Precipitation of the Members of Class V. Place in a 
small glass Hask six or eight drqps of strong aqueous solutions 
of the sulphates, nitrates, or chlorides of cobalt, nickel, mangan- 
ese and zinc. Add to the mixture two or three teaspoonfiils of 
a solution of chloride of ammonium, twice as much water, and 
ammonia-water to alkaline reaction. Heat the mixture to boil- 
ing, and add sulphydrate of ammonium to the boiling solution, 
drop by drop, with frequent agitation, as long as a precipitate 
continues to be formed. (Compare p. 21.) 

In the present case there are special reasons why the precipi- 
tate should be boiled and shaken, in order to make it compact ; 
for the sulphides of Class V., when loose and flocculent, are not 
only easily acted upon by the air and by dilute acids, but are 
peculiarly liable to pass through the pores of filter-paper, and 
yield muddy filtrates. 

At the best, these sulphides oxidize rapidly when .moist, with 
formation of soluble sulphates which are liable to pass through 
the filters and contaminate the filtrates. The analysis of the 
sulphides should therefore be proceeded with immediately after 
the precipitation with sulphydrate of ammonium, and should be 
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conducted in such manner that no precipitate of a sulphide shall 
ever be left moist upon a filter more than half an hour. 

33. Analysis of the Mixed Sulphides, The detection of 
the several members of Class V. depends, Ist, Upon the almost 
complete insolubility of the . sulphides of cobalt and nickel in 
cold dilute chlorhydric acid, and the ready solubility of the 
sulphides of manganese and zinc in that liquid. 2d, Upon the 
solubility of hydrate of zinc, and the insolubility of hydrate of 
manganese, in a solution of caustic soda. 3d, Upon the insolu- 
bility of sulphide of zinc in alkaline solutions. 4th, Upon 
the peculiar colors imparted to borax glass by compounds af 
cobalt and nickel dissolved in the glass ; and upon certain other 
special tests to be described directly. 

To effect the separation: — Collect the precipitate upon a 
filter, and rinse it once or twice with water ; spread open the 
filter in a porcelain dish, and cover it with cold dilute chlorhy- 
dric acid. Scarcely any of the sulphide of cobalt, or of nickel, 
will go into solution, while the sulphides of manganese and zine 
will be completely decomposed, and dissolved as chlorides. 

Filter the chlorhydric acid solution^ pour the filtrate into a 
porcelain dish, and boil it, until strips of moistened lead paper 
held in the steam no longer indicate the presence of sulphuretted 
hydrogen ; then add caustic soda to the liquid in slight excess. 
A whitish gelatinous precipitate of hydrate of manganese, in- 
soluble in caustic soda, will be thrown down, together with 
small portions of the hydrates of cobalt and nickel, resulting 
from the partial decomposition of the sulphides of these metals 
by the chlorhydric acid, while the hydrate of zinc at first pre- 
' cipitated redissolves completely in the excess of soda. 
' Collect the precipitate upon a filter, allow it to drain and 
fuse it with a mixture of carbonate of sodium and nitrate of 
potassium upon platinum foil in the oxidizing blow-pipe flame. 
The peculiar bluish-green coloration of manganate of sodium will 
appear in the fused mass, as soon as it has become cold, particu- 
larly at the edges and thinner portions. In thus testing for 
manganese, it is well to incline the foil, so that portions of the 
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thoroughly melted mass may flow away from the centre of the 
mixture into thin sheets, in order that the color of the mangan- 
ate may be exhibited in its purity. 

To the alkaline filtrate add several drops of sulphuretted 
hydrogen water. Sulphide of zinc will be thrown down as 
white or dirty white fiocculent precipitate. 

To confirm the presence of zinc : — Collect the precipitate 
produced by sulphuretted hydrogen upon a filter and allow it to 
drain ; transfer it to a porcelain dish, dissolve it in dilute chlor- 
hydric acid, boil the solution to expel sulphuretted hydrogen, 
and concentrate it to the bulk of half a teaspoonfiil or less. 
Transfer the liquid to' a test-tube, without heeding the milkiness 
which the presence of minute particles of free sulphur produces 
in it, pour upon it four or ^ve times its volume of a solution of 
normal chromate of potassium, and heat the mixture to boiling. 
A peculiar yellow, somewhat flocculent, precipitate of chromate 
of zinc will be formed in the boiling liquid, and will soon subside 
to the bottom of the tube, when the latter is removed from the 
lamp. 

It is to be observed that in the analysis of mixtures which 
contain no manganese, the precipitate of hydrate of cobalt or of 
nickel, produced by the caustic soda, is usually small and some- 
times hardly perceptible; but, no matter how minute the 
precipitate may be, it must always be carefully removed by 
filtration before testing the solution for zinc with sulphuretted 
hydrogen. 

The black residue, insoluble in dilute chlorhydric acid, is 
washed with water and tested for cobalt and nickel, by heating 
successive . small portions of it on a bead (§ 84, c.) of borax 
(App., § 22) in the oxidizing blow-pipe flame. If cobalt alone 
were present, a bright, pure blue color would be imparted to 
the bead. On the other hand, if the precipitate was composed 
solely of sulphide of nickel, the borax glass would assume a 
peculiar reddish-brown color. Mixtures of the two sulphides 
yield beads of various tints, according to the proportions of 
nickel and fjobalt contained in them. By adding the precipitate 
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to the borax by repeated small portions, and fusing the bead 
anew after each addition, it is often possible to obtain first the 
characteristic color of one of the elements and afterwards toler- 
ably well defined indications of the ot^er. 

The blue color of cobalt can usually be made manifest, even 
in presence of much nickel, by heating the borax bead in the 
reducing blow-pipe flame (App., § 66). In the reducing flame 
the reddish-brown color imparted by nickel changes to gray, 
while the cobalt blue remains unaltered. 

In any event, one of the two metals will be detected by the 
blow-pipe test, and the subsequent operations can be limited to 
searching for the other. 

%x prove the presence of nickel, boil the black residue with a 
few drops of aqua regia in the porcelain dish, and evaporate the 
solution almost, but not quite, to dryness. Add to the rasidual 
acid liquor, little by little, a strong solution of cyanide of 
potassium, until the precipitate which forms at first has com- 
pletely redissolved, and boil the mixture for five minutes, taking 
/ ^ ' care to add water by small portions to fully replace that lost by 
evaporation. The cyanides of nickel and cobalt, at first thrown 
. down, both redissolve easily in an excess of cyanide of potas- 
sium, but while tlie cyanide of nickel undergoes no change when 
the mixture is boiled, the cyanide of cobalt is all converted into 
cobalticyanide of potassium, and from solutions of this com- 
pound cyanide of cobalt is not precipitated on the addition of 
acids. 

As soon as the liquid has become cold, pour dilute sulphuric 
acid into it, without heeding any precipitate which may have 
formed during the evaporation, until a drop of the mixture turns 
blue litmus paper red. Transfer the acidulated liquor to a large 
test-tube, fill the latter with water, shake the mixture well, and 
allow it to stand during eighteen or twenty-four hours. The 
soluble compound of cyanide of nickel and cyanide of potassium 
is decomposed by the sulphuric acid, and the cyanide of nickel 
precipitated in the form of a light, dirty greenish-yellow powder, 
which slowly subsides to the bottom of the tube. 
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Sometimes a dark layer of dirt, derived from imparities in the 
reagents, is deposited above or below the stratum of cyanide of 
nickel, but it seldom happens that the characteristic color of the 
latter is materially obscured by this contamination. At other 
times, when the operations have been performed carelessly and 
the reagents have been employed in undue quantities, crystals 
of sulphate of potassium will separate in the tube ; but they can 
readily be removed by dissolving them in water. 

To coilfirm the presence of cobalt in case of doubt : — Dissolve 
the black residue in a few drops of hot aqua regia, evaporate the 
solution nearly to dryness, pour into the residual solution two 
or three' times its own volume of a solution of nitrite of potas- 
sium (App., § 31), and add to the mixture concentrated acetic 
acid, until the reaction of the liquid is strongly acid. Transfer 
the mixture to a test-tube, and leave it at rest during eighteen or 
twenty-four hours. A beautiful, yellow crystalline precipitate 
of the double nitrite of cobalt and potassium will be deposited, 
sooner or later, according to the proportion of cobalt which the 
solution contained. 

On adding caustic soda to the filtrate from the yellow cobalt 
precipitate, hydrate of nickel would be thrown down if it were 
present, and the presence of nickel might be confirmed by test- 
ing this precipitate with borax in the oxidizing blow-pipe flame. 

34. An outline of the foregoing operations may be tabu- 
lated as follows : — 



The General Reagent ([NHJHS) of Class V. j)recipitates CoS, 
NiS, MnS and ZnS. Treat the precipitate with dilute HCI:— 



CoS and NiS 
remain undis- 
solved. 

Test for Co 

and Ni with 

borax glass 

and, if need 

be,withKCN 

or KN02. 



MnClg and ZnCl2 go into solution. 
HoS, andaddNaHOr- 



Boil, to expel 



Hydrate of manganese is 
precipitated, together* 
with traces of the hydrates 
of Co and Ni. 

Prove presence of Mn 
by the blow-pipe test. 



Hydrate of zinc goes 
into solution. Add 
HgS to throw down 

ZnS. 
Confirm presence of 

zinc by precipitation of 

the chromate. 
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35. Separation of Class K from Class IV, After Classes 
I., II. III. and lY. have been removed in the manner already 
described (§§ 9, 31), add a single drop of sulphydrate of ammo- 
nium of good quality (App., § 14) to the filtrate from Class IV. 
If no precipitate is produced, none of the members of Class V. 
can be present, and the solution may be immediately tested with 
carbonate of ammonium, the general reagent of Class VI. 

If the first drop of the sulphydrate produces a precipitate, 
transfer the mixture to a small fiask, heat it until it actually 
boils and add more of the sulphydrate, with the precautions 
enjoined on p. 39 to complete the precipitation. 

In case the precipitate produced by sulphydrate of ammonium 
is white, the presence of zinc is indicated. . 

If it be flesh-colored, or yellowish-white, and become brown 
by oxMation when exposed to the air, the presence of mangan- 
ese is to be inferred. 

In case the precipitate is black, either cobalt or nickel, or 
both these elements, are present. Both of them must be sought 
for, whenever the precipitate exhibits any tiiige of black at the 
moment of its formation. 



CHAPTER VII. 

CLASS VI. CARBONATES INSOLUBLE IN WATER, AMMONIA- 
WATER AND SALINE SOLUTIONS. 

36. Precipitation of the Members of Class VI. Place in 
a test-tube six or eight drops of strong aqueous solutions of the 
chlorides or nitrates of barium, strontium and calcium. Add to 
the mixture two or three teaspoonfuls of a solution of chloride 
of ammonium, enough ammonia-water to produce an alkaline 
reaction, and finally a solution of carbonate of ammonium, drop 
by drop, as long as any precipitate continues to be produced by 
fresh portions of this reagent. To determine this last 'point, 



§ 37 • ANALYSIS OP CLASS VI. 45 

heat the mixture to boiliDg at intervals, and after boiling allow 
it to settle, until a ^sufficient quantity of comparatively clear 
liquid has collected at the top of the mixture to permit the 
application of the test. 

37. Analysis of the Mixed Carbonates, The separation of 
barium, strontium and calcium, one from the other, depends : — 
1st, Upon the insolubility of chromate of barium in dilute acetic 
acid, and the solubility of the chromates of strontium and cal- 
cium in that liquid. 2nd, Upon the fact that sulphate of 
strontium is almost absolutely insoluble in acidulated water, 
while sulphate of calcium, though rather sparingly soluble in 
water, is still sufficiently soluble to be kept in solution. (See 
App., § 25.) 

Collect the precipitate upon a filter, wash it two or three 
times with water, taking care to collect the precipitate at the 
apex of the filter, and dissolve it in acetic acid. The acid may 
be poured into the filter as it rests in the funnel, but only a few 
drops should be used, and the filtrate should be poured back 
repeatedly upon the filter, until all the precipitate has been 
dissolved. Finally rinse the filter with a little water from a 
wash-bottle with small orifice, collect the wash- water with the 
filtrate, and shake the mixture. 

Pour a small portion of the acetic acid solution into a test-tube, 
and add to it a drop of a solution of normal chromate of potas- 
sium. A pale yellow precipitate falls when barium is present, as 
in this instance ; for chromate of barium is well nigh insoluble 
in acetic acid, especially in presence of saline solutions. In 
order to separate the whole of the barium, pour the contents of 
the test-tube into the reserved portion of the acetic acid solu- 
tion, heat the mixture to boiling, and add to it chromate of 
potassium, until no more precipitate falls and the supernatant 
liquor appears distinctly yellow, after having been well shaken 
and allowed to settle. Filter the mixture, and proceed to 
examine the filtrate for strontium and calcium. 

If no barium. had been present, no . precipitate would have 
been produced by chromate of potassium in the small portion 
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of. liquid first tested, and it would have been unnecessary to mix 
this reagent with the rest of the acetic acid solution. Trouble 
would thus be saved, as will appear below. 

It sometimes happens that chromate of barium is precipitated 
in the form o^ powder so fine that some particles. of it pass 
through the pores of the paper and contaminate the filtrate* 
Now in order to detect strontium and calcium it is absolutely 
necessary that this filtrate, although of a bright yellow color, 
should be perfectly transparent and free from suspended parti- 
cles of the barium salt; If then the filtrate is at all turbid, it 
must be poured back repeatedly into the filter, and again col- 
lected in clean tubes, until the last trace of cloudiness . has 
disappeared. 

To the filtrate from the chromate of barium add ammonia- 
water to alkaline reaction, and carbonate of ammonium as long. 
as a precipitate falls. Heat the mixture to boiliiig for a mo- 
ment, collect the precipitate upon a small filter, and wash it with 
water, until all the chromate of potassium has been removed, 
and the wash watef* runs colorless from the filter. 

Dissolve the precipitate in the smallest possible quantity of 
acetic acid, and mix it with three or four times its volume of a 
solution of sulphate of potassium (App., § 25), made of such 
strength that, though capable of throwing down sulphate of 
strontium, it cannot precipitate sulphate of calcium. Allow the 
mixture to stand at rest for two hours or more, in order that 
the white powder of sulphate of strontium may separate com- 
pletely. Then filter, and to the filtrate add ammonia-water to 
alkaline reaction, and half a teaspoonful of a solution of oxalate 
of ammonium (App., § 17). A white precipitate of oxalate of 
calcium will be immediately thrown down. 

Since sulphate of strontium is somewhat soluble in a solution 
of chromate of potassium, the filtrate from chromate of barium 
cannot be examined directly for strontium by means of sulphate 
^of potassium. The strontium and calcium are consequently 
reprecipitated as carbonates, in order that the excess of chrom- 
ate of potassium may be washed away. The operation serves 
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also to collect the strontium and calcium out of the mass of 
liquid in which they have become diffused, and to concentrate 
them to a small bulk. 

It should be observed that, when the proportion of strontium 
or calcium in a mixture is small, it often happens that the pre- 
cipitate, produced by carbonate of ammonium in the filtrate 
from chromate of barium, is held in suspension and concealed so 
completely in the yellow liquor, that an unpractised eye can 
hardly detect the fact that the liquid has become cloudy. That 
a precipitate has reaUy been formed in such cases is easily dis- 
covered by throwing a portion of the mixture upon a filter, and 
comparing the clear filtrate thus obtained with that ortion of 
the mixture which has been left unfiltered. 

38» An outline of the foregoing operations may be pre- 
sented in tabular form, as follows : — 



The General Reagent ([NH4J2C03) of Class VI., precipitates the 
carbonates of Ba, Sr and Ca. Dissolve in dilute acetic acid, and 
add KjCrO;. 



BaCr04 
is thrown 

down 
as a 

yellow 
powder. 



SrCr04 and CaCr04 remain in solution. Add (NH4)2C0.3 
and (NH4)H0. Collect and wash the precipitate, and 
dissolve it in acetic acid. Add dilute K SO4: — 



SrSO is 
thrown 
down. 



CaS04 remains in solution. Add oxalate 
of ammonium, to precipitate oxalate of cal- 
cium. 



39. Separation of Class VI. from the Preceding Classes. 
After Classes I., II., III., IV. and V. have been separated in the 
manner already described (§§ 6 to 10), there will still always 
remain to be examined the filtrate from Class V., and some- 
times a precipitate (§ 29) composed of oxalates of barium, 
strontium, calcium and magnesium, — in case any salt of these 
elements, insoluble in ammonia-water, has been thrown down 
with the members of Class IV. • 

If such a precipitate has been obtained in the analysis of 
Class IV., the oxalic acid contained in it must now be destroyed, 
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the remainder of the precipitate brought into solution, and this 
solution added to the filtrate from Class V», before proceeding 
to precipitate the members of Class VI. To this end, ignite the 
dry precipitate carefully upon platinum foil — by several suc- 
cessive portions if the precipitate is large,— taking care that 
none of the powder is left sticking to the paper or lost by drop- 
ping it from the foil. At a moderate heat the oxalates suffer 
decomposition, and only carbonates or oxides are left upon the 
foil. Place the foil and the residue in a small porcelain dish, 
and dissolve the residue in boiling dilute chlorhydric acid. Add 
a few drops of chloride of ammonium to the solution, neutralize 
the acid with ammonia-water, pour the liquid upon a small filter 
and add the filtrate to that obtained from Class V. Then add 
a solution of carbonate of ammonium, to the mixture, and boil it 
in the manner described in § 36. 

If there be no precipitate of the oxalates from Class IV., 
the filtrate from Class V. will, of course, be treated directly 
with carbonate of ammonium, care being taken to add only a 
drop or two of the reagent, at first, to ascertain whether any of 
the members of Class VI. are really contained in the solution. 

The solution to which the general reagent carbonate of 
ammonium is added, must contain chloride of ammonium, to 
prevent the precipitation of magnesium as a carbonate, and also 
ammonia- water, to hinder the decomposition of the carbonates of 
barium, strontium and calcium by the boiling chloride of am- 
monium. But since the excess of ammonia-water and the 
chloride of ammonium, added to the solution before the separa- 
tion of Class IV., are still contained in it, no new quantity of 
either of them need here be added. 

It is to be remembered, in this connection, that the carbon- 
ates of barium, strontium and calcium are all slightly soluble in 
a solution of chloride of ammonium, and that no precipitate 
whatever is produced when carbonate of ammonium is added to 
a weak solution of either of the members of Class VI., in case a 
large quantity of chloride of ammonium has been previously 
mixed with it. 
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In a soktion contakuag trapes of baxiam or stroatium these 
elements might &il to be detected, in case the chlorhydric acid 
employed in the process of separating Classes I. and U. was 
contaminated with sulphuric acid, or in case the original liquid 
contained nitric acid to oxidize a portion of the sulphur of 
the sulphuretted hydrogen employed to precipitate Class U., 
or even if the nitric acid, employed to oxidize iron in the filtrate 
fix>m Classes IL and IIL, were added before the sulphuretted 
hydrogen had been expeUed. All danger could be avoided, 
however, by using pure chlorhydric acid to precipitate Class L^ 
and expelling the nitric add from the filtrate by evaporating the 
latter to drji^^ upon i^ water-bath, covering the residue with 
pure concenl^iled chlorhydric acid, again evaporating until the 
mixture became dry, and finally dissolving in acidulated water. 



CHAPTEB Vra. 

CLASS TIL INCLUDES THE BEMAnOXG COHMOX qp^EMENTS NOT 

COMFRISED IN THE PRECEDING CLASSES, NAMELT:— * 

HAONESIUIC, SODIUM AND FOTASSIUV. 

40. The detection of the Several Memhert of Close VII. 
depends :-—l8t, Upon the insolsbility of a double phosphate of 
magnesium and ammonium, and the solubility of the phosphates 
of potassium and of sodium ; and 2d, Upon the facts that com« 
pounds of sodium and potassium impart peculiar colorations to 
non-luminbus flames, like those of alcohol and of a mixture of 
coal-gas and air. 

Prepare a mixture of ten or twelve drops of strong solutions 
of almost any one of the salts of magnesium, sodium and potas- 
sium, and as much chloride of ammonium. Pour a quarter of 
the mixture into a test-tube and the remainder into a small 
porcelain dish. Add to the contenits of the test-tube two or 
three drops of a solution of diphosphate of sodium, and as much 

4 ' 
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flmmonia-water, and shake the cold imxtifre at firequent interval* 
during one or two hours. A crystalline, white precipitate of 
phosphate of magnesium and ammonium will' appear after s 
longer or shorter interval, accordingly as the original solution 
was more or less dilute. 

41. Evaporate the contents of the porcelain dish to dryness, 
ignite the residue until the chloride of ammonium has been 
completely expelled, — a point which will be indicated by tho 
cessation of fuming, — allow the dish to cool, and pouor into it 
three or four drops of water. 

Carefully clean the loop on a piece of platinum wire by wash* 
Ing it repeatedly with water, and finally holding it in the lamp 
flame until the last traces of sodium compounds are burned ofl^ 
add it ceases to color the flame. Without touching the loop 
with the Angers, dip it into the aqueous solution in the dish, and 
again hold it in the flame. A brij^ht yeUow color will be im-' 
parted to the flame by the sodium contained in the mixture ; but 
the color peculiar to. potassium compounds vriU be invisible, 
since the yellow color of the sodium overpowers and conceals it«> 
Dip the loop a second time in the solution, and again hold it in 
the lamp flame; but this time look at the flame through » 
piece of deep-bli|e cobalt glass. This cobalt glass is the ordin- 
ary blue glass used for stidned glass windows ; it is essential that 
the glass should be of moderate thickness, and colored blue 
throughout, not simply ^ flashed " with blue. The characteristic 
violet color imparted to flame by potassium compounds will now 
be visible, for the blue glass shuts off completely the yellow 
sodium light, while it permits the free passage of the violet 
rays. 

Since traces of compounds of sodium and potassium are to be 
found almost everywhere, it is sometimes difficult to determine 
by the foregoing tests whether the substance under examination 
contains one or the other of these elements as an essential in- 
gredient, or merely as an accidental impurity. It is alwaya 
possible, however, to separate the sodium or the potassium from 
the other members of the class, and to decide, by actual inspeo- 
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tion of the isdated compounds, whether one or both of these 
substances is contained in really appreciable quantity in the 
substance subjected to analysis. K only potassium is sought 
for, filter the aqueous solution, last mentioned, through a very 
small filter, add to the filtrate a drop, or two of chlorhydric acid 
and several drops of a solution of bichloride of platinum (App., 
§ 46)^ A yellow crystalline precipitate of chloroplatinate of 
potassium will separate after some time. Since chloride of 
ammonium would pcoduee a similar precipitate, it is, of course, 
essential that the ammoniacal salt should be expelled by ignition 
hdme potassium oan be tested for. 

In case sodium,, or both sodium and potassium, be sought for, 
the magnesium .must ficst be got rid of. To this end, moisten 
the dry residue, which contains the chlorides of magnesium, of 
potassium and of sodium, with a drop or two of water, mix it 
thoroughly with an equal bulk of red oxide of mercury and 
ignite the mixture until fuming ceases. The chloride of mag- 
nesium will be changed to oxide, whUe the easily volatile 
chloride of mercury escapes : — 

'Mga,+HgO-MgO+Hgaa. 

The ignition should be effected beneath a chinmey, or in a 
draught of air powerful enough to carry away the poisonous 
fumes of the corrosive sublimate. Boil the ignited residue with 
a small quantity of water; separate the insoluble oxide of mag- 
nesium, together with the excess of oxide of mercury, by filtra- 
tion 'y evaporate the filtrate to a small btilk ; throw down the 
potassium as chloroplatinate, collect the latter upon a filter, and 
from the filtrate i^emove the excess of chloride of platinum by 
means, of sulphuretted hydrogen. Filter off the sulphide of 
platinum, and evaporate the filtrate to dryness to obtain the 
chloride of sodium. Or, instead of employing sulphuretted 
hydrogen, evaporate the filtrate from chloroplatinate of potas- 
sium in a watch glass, at a gentle heat, until the liquid begins 
to become dry at its edges, and then examine it with a magni- 
fying glas9. Characteristic crystals of chloroplatinate of sodium 
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will be Been in the form of long, deader priamB or needles of 
yellow color. 

42. The Ifohtion of CUxm$ VIL^ bj the: removal of the pre* 
ceding classeB, has been described in \ 12. Care must always 
be taken to concentrate the whole of the filtrate from Glass YI. 
by evaporation^ before testing a portion of it fdr magnesinm ; and 
time enough must be allowed for the magnesium precipitate to 
crystallise. The remainder of the filtrate ih>m (Class YI* must be 
evapon^ted to dryness and ignited, before testing for sodium and 
potassium, in order that the fiame reactions of these elements 
may not be concealed or obscured by the vapors of ammonivn^ 
sadts, or th» combustion of particles of organic matter derived 
fh>m the various reagents which have been added in the coarse 
of the analysis. 

43* An outline of the methods employed for separating the 
several classes is presented in tabular form, omthe oppomte 
page. 



CHAPTER IX. 

GENERAL TESTS FOR THE KOX-METALLIC ELEMENTS. 

44. The following common ekmenU remain to be consid- 
ered: — Sulphur, nitrogen, phosphorus, carbon, boron, silicon, 
chlorine, bromine, iodine, fluorine, oxygen, hydrogen. It is 
obvious that oxygen and- hydrogen cannot be directly sought for 
by any analytical process conducted in the wet way. These 
elements are added to the original matter in this water which is 
used as a solvent. The presence of these elements is either in- 
ferred from the other results of the analysis, or forms the object 
of direct inquiry in the preliminary treatment, — that important 
part of every analysis which forms the main subject of Part H. 
The remaining elements all belong to that class vaguely de- 
scribed as non-metaUic ; they unite with oxygen, hydrogen, or 
both these elements, to form what are commonly called acidi» 
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As the metallic elements are recognized through familiar 
compounds, oxides, chlorides, sulphides, or other, so these non- 
metallic elements are identified by working out of the unknown 
mixture their characteristic compounds. These compounds are 
generally salts. But there is one marked difference between 
the search for the metallic and the search for the non-metallic 
elements in the wet way. In connection with the determination 
of a metallic element, no question usually arises except the 
fundamental one of its presence or absence in a given solution. 
The sodium in the three different salts, sulphate, sulphite and 
hyposulphite of sodium, for example,' is detected in one and the 
same method ; but, when the other elements of these salts are 
sought for, three different reactions will occur according to the 
varying nature of the ingredients other than sodium. A sul- 
phate in solution gives one set of reactions, a sulphite another, 
and a hyposulphite a third. It is important to do more than de- 
termine the mere presence of sulphur and oxygen. We want to 
know whether the sodium salt be a sulphate, sulphite, or hypo- 
sulphite. Analogous questions arise with regard to other non- 
metallic elements; there is chlorine both in chlorides and 
chlorates, and carbon both in carbonates and oxalates. Arsenic, 
too, may be present in the form of arsenite or arseniate, and 
these two different kinds of salts exhibit many quite dissimilar 
reactions. 

The examination into the nature of the other ingredients of 
any compound is invariably subsequent to the determination of 
the metallic element or elements by the method detailed in the 
preceding chapters. In the language of the dualistic theory, 
when the base has been found, the actd is sought for. By what- 
ever words the object of the analyst be described,- the process 
itself is in general as follows : — The analyst tries to identify 
each class of salts by precipitating, or otherwise making mani- 
fest, some familiar member of that class. Thus he identifies 
sulphates by precipitating sulphate of barium, chlorides by pre- 
cipitating chloride of silver, carbonates by throwing down car- 
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bonate bf <;al(ntim9 and so forth. The practically important 
inquiry is, how to find means of identifying each of the principal 
classes or Mnds of salts. The word ^' class " or ^< kind " of salts is 
used in this connection as a collective name lor all the salts 
from which the same acid may be derived, or which, in dualistic 
language ^^ contain " the same acid ; thus all sulphates constitute 
one class, or kind, all carbonates another, and so forth. The 
following common classes of salts are those for which more or 
less perfect means of reoo^ition will be given in this chapter: 
— Sulphates, sulphites, hyposulphites, sulphides^ arseniates, 
arsenites, phosphates, carbonates, oxalates, tartrates, borates, 
silicates, chromates, fluorides, chlorides, bromides, iodides, 
cyanides, nitrates, chlorates, acetates. 

No system of successive testing and elimination, analogous to 
that already described for the metallic elements, has been de- 
vised for the non-metallic constituents of salts. There are, 
indeed, certain so called general reagents for add* ; but these 
reagents are chiefly useful to show the simultaneous presence or 
absence of members of several classes of saltS; and hardly help 
. towards the identification of any individual class, except in cases 
of the simplest sort in which only a single class of salts is 
represented. 

The knowledge of the metallic element or elements present, 
previously gained, is usually a great help in the determination 
of the other constituents. A single example will illustrate 
sufficiently for our present purpose this important principle, 
which is of very wide applicattion in qualitative analysis. Sup- 
pose calcium to have been found in an aqueous solution of various 
salts ; it is directly to be inferred with great confidence^ though 
not with entire certainty, for example, that there is no sulphate, 
phosphate, sUicate, carbonate, oxalate, or ^tartrate in the original 
liquid ; that, in short, the greater number of the classes of salts 
above enumerated are absent The list of salts excluded by the 
demonstrated presence of calcium would be very long. So it is 
in greater or less degree with many other nietallic elements. 
It is, indeed, no easy matter to make a solution containing even 
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one representative of jbhe seven classes into which the metallic 
elements have been divided, because each of these elements, ex- 
cept sodium and potassium, present in solution excludes one or 
more w£ole classes of palts. By attending to the just inferences 
to be drawn from the quality of the metallic elements, much 
time will be saved, aiid the want of a systematic procedure in 
searching for the non-metallic elenients will be little felt. Hie 
presence of the arsenites and arseniates, of chromates, sulphides, 
sulphites and hyposulphites will ordinarily be revealed in the 
course of the search for the metallic element. 

Before giving the special tests by which the above mentioned 
classes of salts are identified, we proceed to describe certain 
general tests which are of value, particulariy when they give 
negative results. 

45. The Barium Test. When a solution of chloride (or • 
nitrate) of barium is added in suitable quantity to a neutral or 
slightly alkaline solution containing representatives of any or all 
of the following classes of salts, precipitation usually occurs, for 
all these salts of barium are insoluble in water and alkaline 
liquids, if no ammonium-salts be present : — 

Sulphates, Arseniates, Tartrates, 

Sulphites, Arsenites, Borates, 

Hyposulphites, Carbonates, Silicates, 

Fhoisphates^ . Oxalates, ' iOhromates, 

Fluorides. 
If the chloride (or nitrate) of barium fail to produce a pre- 
cipitate under the prescribied conditions, the complete absence 
of all the above thirteen classes of salts k at once demonstrated, 
provided that no amo^onium-salts be contained In the original 
solution. V . 

46. lUtiitraUon of the Barium Test, Prepare in a test-tube 
a solution containing at once sulphate, phosphate and carbonate 
of sodium ; a very smiadl bit of each sMt will be sufficient. The 
solution will be found to be alkaline to litmus paper. Add to it 
chloride of barium (App., § 37), little by little, until a fresh 
addition of the reagent no longer produces an additional precipi- 



S 46 THE BABICX TEST. W 

tate. The white predpitaie oonsista of sulphate, phosj^ate and 
carbonate of barium. AH the tliirteen barium salts whi<^ are 
liable to precipitation under Uiese circumstances are white, with 
the single exception of chromate of barium. The yellow color 
of the chromate of barium (§ 36) ^tinguishes this one precipi* 
tate from all the rest If tMs color is well marked, the presence 
of a chromate in Uie originid solution (which must also have 
been yellow) inay be inferred nith certainty. In all other 
cases, however, the precipitate is white, as in the present ex- 
periment. The next question is, can anytlung ftirther be learned 
from this white precipitate. 

Add to thb contents of the test-tube dilute chkrkydric acid, 
until the liquid has a decidedly add Qsactioa to litmus paper. 
An effervescence indicates the escape of carbonic acid, displaced 
by the less volatile chlorhydric add. The bulb^f^gredpitate 
which the chloride of barium produced will in part disapjjear, but 
a portion of it remains undiss<^ved. Filter ihe.c^ftehts of the 
tube, and to the filtrate add ammonia-water until the liquid has 
an alkaline reaction. A predpitate will reappear. Of all the 
barium salts which may be pmd[Htated under these circum- 
stances, only one, the sulf^ate of barium, is insoluble in chlorw 
hydric and other strong adds. Hie feet that any of the original 
precipitate remains undissolved by the chlorhydric acid demon- 
strate the presence of a sulphate, llie portion of the original 
predpttate which dissolved m the add, and was reprecipitated 
by afnmonia, consisted in this particular expefriment of phos- 
phate of barium ; but in an actual analysis the possible salts 
represented would be so numerous as to make the indication of 
but little value. 

If ammonia-water shouM cause no repredpitation in the add 
liquid which was filtered frx>m the original precipitate, it must 
not be inferred that the acid of course dissolved nothing. The 
borate, oxalate, arseniate, arsenite, tartrate and fluoride of 
barium are all moderately soluble in solutions of ammoniacal 
82dts, and may not be precipitaited on the addition of ammonia. 
Of course, if the original solution contained ammonium-sails, 
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those six btfriam salts, if present in small quantity only, might 
&il to be precipitated. In fact, all the thirteen above mentioned 
barium salts, except the sulphate, are more or less soluble in 
solutions of ammonium-salts, so that whenever these ammonium- 
ftalts are knpwn to be present, thelre ifi really but one perfectly 
satisfactory indication with chloride of barium. The presence 
of a sulphate is revealed by it with certainty, but the results of 
the other tests must be received with some distrust. If the 
original solution be acid, it is necessary to neutralize it with 
ammonia-water before the chloride of barium is added. Some- 
times a precipitate is produced by the amm<?nia-water so added ; 
in that case it is necessary to filter and proceed with the filtrate, 
although the amiponia-warter may have thrown down salts of 
several of the classes above named, such as phosphates, oxalates, 
and fiuori^* Even if the ammonia-water produce no precipi- 
tate, the testing is then performed under the disadvantage of 
4he presencfiof ammonium salts. 

If the original solution contained silver or lead salts, or mer- 
curous salts, it would be impossible to use chloride of barium 
and chlorhydric acid as reagents ;^ they would throw down the 
chlorides of: those metals. Mtrate of barium (App., § 38) and 
dilute nitric acid must then be used. 

The acids added to the precipitate formed, by the barium salt 
must be always dilute acids. Chloride and nitrate of barium 
are themselves insoluble in concentrated chlorhydric and nitric 
acids, and if a strong acid were used as a solvent, the reagent 
salt might itself separate from the liquid. 

47. The Calcium Test* Chloride (or nitrate) of calcium 
precipitates the same cksses of salts as chloride (or nitrate) of 
l)arium, with the single exception of the chromates. When 
Mulphates and all ammoniacal salts are absentj or present only in 
minute quantities, something may be learned by testing a 
neutral or slightly alkaline solution supposed to contain repre- 
flentatives of some of the other classes. of salts ^numerated in 
S 45, with chloride or nitrate of calcium. The calcium salts liable 
to precipitation nnder these circumstances are all solu)}le in 
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acetic acid, except the oxalate and die fluoride. The precTpitftle 
produced hy the calcium reagent is, therefore, treated vith 
acetic acid; if it completely redissolyes, oaree/of^f vnd Jiwmdes 
are most probably cz&sen^. The presence of notable quantities 
of ammonium^salts renders this test of uncertain Talue ; because 
the fluoride and many other salts of calcium are soluble in solu- 
tions of ammonium salts. Since sulphate of calcium is sparingly 
soluble in water and acetic acid, the presence of a sulphate^ 
causing preciiMtation of sulphate of ealcium, obscures the reac-^^ 
tion for oxalates and fluorides. Nitrate, of calcium m.ust be .used 
instead of the chloride whenever silver or lead salts, or mercur- 
ous salts, are present in the solution under examination. 

48. lUustrattcn of the Calcium Teit, Frepate in a test- 
tube an aqueous solution of phosphate, oxalate and tartrate '<^ 
sodium. A very small quantity of each salt will ' be enough. 
The solution wDl be neutral or faintly alkaline. Add to this 
solution a solution of chloride of calcium (App., §^36) until the 
precipitation is complete. Collect the white precipitate upon a 
Alter, and, when drained, transfer it to a test-tube and tr^atit 
with acetic acid. The phosphate and tartrate of calcium t^ill 
redissolve, but the oxalate remains unto^hed. To verify this 
Jesuit, and identify each one of the sodium salts present in the 
original solution, special tests, to be hereafter described, must be 
resorted to. 

49. ThB^ver West, Nitrate of silver produces a precipi- 
tate in neutral or acid solutions with all chlorides, bromides, 
iodides and cyanides, and in neutral solutions with most<of the 
classes oi salts enumerated in § 45. In order to obtain the 
most comprehensive negative conclusion in the case that !nitrate 
of silver produces no precipitate, it is necessary to op^rat^ upon 
a neutral solution. If the original solution be neatral, the 
nitrate of silver may be immediately added to a portion of it. 
If no^reoipitate appear a^er the lapse of several minutes, 
neither chlorides, bromides, iodides, cyanides, sulphides, phos- 
phates, arseniates, arsenites, chromates, silicates, oxalates, nor 
tartmtes can be {^resent. If the original solution contained any 
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considerable quaotity of a borate, the borate of silver would be 
precipitated under 4hese conditions ; but a small proportion of 
some bprate might escape precipitation. If the origmal solution 
be acid test paper, add niirate of nlyer to a portion of it in a 
test-tube, and then pour in upon the Mquid some dilute ammonia- 
water, so gently t^at the two liquids do not mix at once. At 
some layer near the junolaon of the two -dissimilar liquids, &e 
fluid must be neutral. If at Chat lay^* no predpitate or doud 
appear, tlie twelve kinds of salt above -enumeraited are absent. 
If the original solution is ^kaline, dilute nitric acid is to be 
added in precisely the same manner as the ammonia-water in 
the opposite case. The neutral layer between the two liquids 
is attentively observed^ anid the absence of any film or doud 
therein justifies the same sweeping condusion as that above 
given. 

If any precipitate is produced by nitrate of silver, its color is 
to be obseis^ed, for s<Hne conclusions may often be drawn from 
this color. Chloride, bromide, cyanide, oxidate, tartrate, silicate, 
and borate of silver are white ; iodide, phosphate and arsenite of 
silver are yellow ; ^eniate of sOver is brownish-red ; chi^lBBle 
of silver is purplish-red ; sulphide of silver is black. Whem tks 
silver precipitate is white, black, or of some obscure, indecisive 
color, the opierations in the wet way at this stage should be 
directed to proving or disproving the presence of chlorides, bro- 
mides, iodides, cyanides and sulphides. Vo this Ad the portion 
of the original solution which has been alrmy tested with 
nitrate of silver, should be made decidedly acid with dilute nitric 
add. Oi all the silver salts which can be precipitated on the 
addition qf nitrate of silver, only the chloride, bromide, iodide, 
cyanide, and sulphide can resist dilute nitric acid. If the pre- 
cipitate once formed redissolves completely in nitric add, no 
chloride, bromide, iodide, cyanide, or sulphide was present in 
the original solution. If, on the contrary, a residue renAdn, one 
or more of these kinds of salts must have been represented in 
the original solution. If the residue be black or blackish, the 
presence of a sulphide is to be infeiredt if it be white or whitish, 
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tlid atwence of siilpliides'diid tiJe'i^f^i^lice of a chl<mde,'broini€[e/ 
or cyanide i^ to be inferred; if it h^ distiiictly yellowish, an 
iodide is ]»obably present- Ah expeiithent will best iUtistrate^ 
the most appropriate treatment of a'sflver precipitatie insolnble 
in nitric add. 

60. ^lUutMUion of ihe Sih^ Test. Pr^are iri a test-tube 
a' weak solution of chloride of sodium, iodide of potassiotnt^ cya- 
nide of potassium,' and phospb&te of s^iurm. Add nitratiQ of' 
silver (App., § 83)' to tbis^ di^y alkaHncr solution, until the 
precipitation is complete. The dense precipitate is yellowish* 
white. Pour dilute nitric acid into the mixture, until the 
solution is strongly acid ; shaike up the contents of the tube 
thoroughly, and after the lapse of several minutes collect the 
insoluble precipitate on if MtfeV, and receive the filtered liquid in 
a test-tube. If the filtrate be neutralized again with anmionia, 
a yellow pr|ci|^at6 of phosphi^te of silver will reappear. The 
precipitate on the filter is then thoroughly washed to free it 
from the superfiuous nitrate of silver. Wa^K the precipitate 
into a cledtt test-tufcie, detaAt tfre^at^r from above it, pour over' 
it ammonia-wttter, and gently lieat the * niixture. The' silver 
ptecipit&te ^^V^M^ dimiMdh ii bulk; btit a yellowish portbki 
remaiffl uhdisrioi^d.* Filter again^ aiid neutralize the filtrate 
with n^ric add ; a white precipitate wiH fall. This experiment 
proves thftt'a pOrtioii, but not' dl, of 'the mixed silver salts Which 
are insoluble in nitrid acid, ar^ sOltkble in ammonfa-Water. 
Tlie chhrtd^^ c^nide atd bri^ideot silyet di^soly'e in ammonia- 
Tihater, the latter'Wfth difficultjr ; the HWtcK? remains undissolved. 

Special tests, heteiifter to be described, are applied in order 
to confirm the pr«s^0N[of iodine, add to detect each and all of 
the three' substances S^ich are liibU tb be confounded in the 
white precipitate just mendoned. 

Cyanide of miercury does not give a precipitate with nitrate 
of silver. When n^cury has been detected in the substance 
under ex^minatioti, cyanogen mt^ be sought for in other ways 
(S'55) than thW Vs' 

«. When this liquid under eiamihatfon colitains a ferrous salt, 
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pi^tocbloride of iki,, or any other aoiiYe reducing agents metallic 
silver is liable to be precipitated as a dark* heavy powder. The . 
examination for the metallic element will genei^j have 
revealed the presenpe of any such agent 

51. MtraieSf Chlorates and Acetates. It is quite clear diat 
no method of precipitation whatever will apply to niti:ates, chlo- 
rates and acetates, since these.kinds of salts are all soluble. No , 
insoluble, nitrate, chloratid, or aqetate is baown^ Special . tests 
must be sought for these three classes of salts^ 



CHAPTER X 

SPECIAL TESTS FOR THE KOK-HETALLIC ELEM£KT8# 

52* ^^ ^o^ proceed to indicate the most available special 
tests for the non-metallic elements and their commonest com- 
pounds. It is noteworthy that the non-metallic elements enter 
into composition under various forms,, which produce with one 
and the same metallic element various salts. Thus within the 
narrow range of this treatise, sulphur is to be sought in sul- 
phides, sulphates, sulphites and hyposulphites; carbon in cya- 
nides, acetates, carbonates^ oxalates and tartrates, and arsenic in 
arsenites and arseniates. . The various classes of salts will be^ 
taken up successively. It should be premised that these special 
tests are sometimes applied to the original solution,. ^e/or^ the 
precipitation with chloride of barium and nitrate of silver, and 
sometimes during or after these more general testings. In the 
first case the student is seeking guidance in the application of 
the more comprehensive tests ; in the latter case he is trying to 
confirm results already almost sure. 

53.. Effervescence. When a solution containing a carbonate, 
cyanide, sulphide, sulphite, or hyposulphite, or a mixture of 
representatives of somo^ or aU of .these kinds of salte, is treated 
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with chlorhydric acid and then warmly sEm evolution of ga» 
occurs with more or less efiTerrescence; The gases evolred are 
all colorless ; but. they all hare very characteristic odors except 
carbonic acid, the gas which escapes from a carbonate. A 
cyanide gives off the pungent odor of cyanhydric acid. A sul- 
phide yields sulphuretted hydrogen of familiar presence. Sul- 
phurous acid escapes from sulphites and hyposulphites alike ; 
but in the latter case a deposition of sulphur makes the liquid 
turbid. If only one of these gases were present, the efferves- 
cence and the smell would identify it; but when mixtures are to 
be dealt with, further means of identification are necessary. 

54. Carhonatet, To prove the presence of carbonic add 
gas, when effervescence has occurred, add chlorhydric add, little 
by little, to the effervescing solution, until the acid is decidedly 
in excess ; meanwhile keep the mouth of the test-tube loosely 
dosed with the thumb to promote the accumulation of the gas 
evolved. When the tube is supposed to be fuU, carefully decant 
the gas into a second test-tube containing a teaspoonful of lime- 
water (App., § 35), taking care not to allow any of the liquid to 
pass over with the gas. Mix the lime-water and the gas in the 
second test-tube by thorough shaking. A white precipitate of 
carbonate of calcium will be produced, if the gas tested is, or 
contains, carboDic acid. 

If the effervesence is slight, and the quantity of gas evolved 
seems 'too small to be decanted in this way, dip the end of a 
dark-colored glass rod into lime-water, and thrust the moistened 
end into the test-tube, bringing it close to the surface of the 
fluid, if the gas be carbonic acid, the lime water adhering to 
ike rod will become visibly turbid. 

The student who desires to see the working of this test before 
having occasion to apply it in an actual analysis, can operate 
upom a morsel of carbonate of sodium dissolved in a little water. 

85. Cyanides. When the smell of the gas which escapes 
fromUhe solution under examination (§ 53), or the qualities of 
the precipitate with nitrate of silver (§J 49, 50), give occasion 
to suspect the presence of a cyanide, the following confirmatory 
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test maybe resorted to: — Add to the solation supposed to 
contain free cyanhydric acid, or an alkaline cyanide, a few drops 
of a solution containing both^ a fe^rrous and a ferric salt (a solu- 
tion of ferrous sulphate which has been exposed to the air, for 
example), and a small quantity of caustic soda solution. If 
cyanogen is present, a bluish green. precipitate forms, which con- 
sists of a mixture of Prussian-blue and the hydrates of iroa. 
Warm the liquid, and add to it an excess of chlorhydric acid. 
Hie hydrates of iron dissolve, but the Prussian-blue remidns 
■/:At-^ undissolved. . , 

|j^«i^*.* ^ If only a very small quantity of cyanogen be present, the 

;.»; liquid simply appears green after the addition of chlorhydric 

^ . ^-^i/ acid, and it is only after long standing that a trifling blue pre- 

5 ! •' cipitate separates from it 

. ;'- This test may be well illustrated by means of a small particle 

of cyanide of potassium dissolved in a teaspoonful of water. 

To detect cyauogen in cyanide of mercury, it is necessary to 
* precipitate the Jtnercury as sulphide, by means of sulphuretted 

hydrogen, and to identify the free cyanhydric acid in the filtei^ed 
or decanted fluid. , 

56« Sulphides. Many sulphides give off shlphuretted hy- 
drogen when heated with chlorhydric acid. If the quantity of 
gas is so small that its odor is imperceptible, the lead-paper test 
(§ 81) should be api^ied. 

When sulphides are dissolved in nitric acid or oqua-regia, 
their sulphur is partly separated in a free state and partly con- 
verted into sulphuric acid. The free sulphur is identified by it^ 
color and texture, and by its behavior when burnt The sul- 
phuric acid in the liquid is detected in the usual manner (§$ 
45,46). 

57. Sulphites. All the sulphites evolve sulphurous add,' 
without any deposition of sulphur, when treated with chlorhy- 
dric acid. The very sharp odor of this gas is enough to iden- 
tify it 

As has been before stated, nitrate of silver produces in solu- 
tions of sulphites a white precipitate; but this precipitate 
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idackens when the liquid is boiled, on account of the reduction 
of silver. 

When the sulphites are heated with strong nitric acid, or 
other powerful oxidizing agent, thqy are converted into sulphates 
without , precipitation of sulphur. The sulphates so produced 
may be identified in the usual way (§§ 45, 46). 

68. Hyposvlphites, The hyposulphites disei^gage sulphur- 
ous acid and deposit sulphur when wanned with chlorhydric 
acid. This decomposition is not immediate if the solution b^ 
dilute. 

The precipitate produced in the solution of a hyposulphite 
by nitrate of silver, dissolves again readily in an excess of the 
hyposulphite. On standing, the prec^)itate of hyposulphite of 
silver turns black spontaneously, being decomposed into sul" 
phide of silver and sulphuric acid. Heating produces this efiect 
almost immediately. 

IJyposulphite of sodium is a. good salt from which to get the 
al)ove reactions of hyposulphites. 

59. During the examinal>ion for the metallic elements 
chromium . and arsenic are detected, and the analyst generally 
obtains pretty certain evidence concerning the actual condition 
in which these elements enter into the substance usder examine 
ation, whether as chromate or salt of chromium, as arsenite or 
arseniate; for a chromate is reduced with change of color (§ 22), 
and sulphide of arsenic, is thrown down immediately from an 
arsenite, but only after long contact with sulphuretted hydrogen 
from an arseniate. To confirm the indications then obtained 
the following tests are used. 

60. Chromates. When acetate of lead (App., § 39) is 
added to a neutral solution of a chromate, yellow chromate of 
lead separates, insoluble in acetic acid, but soluble in <^ustic 
soda. 

As has been before stated, the purplish-red color of chromate 
of silver (§ 49), and the y^ow color of chromate of barium 
-(§ 46), are valuable indications of the presence of a chromate. 

A solution of normal chromate of potassium is the best >sub^ 

• ^4 



6tance from \7kich to obUiin for the lirst lime the reactiofis of 
ehromates. 

61 • ArBeniies dnd ArseniateB. llioogh statre of the prese&co 
Of arsenie, thie analyst is ofbeH hfC in doobt wMeh of these two 
elasses of arsenic compotrnds he hs» to deal with. Discrimihat* 
ing tests are necelwary. 

A nevtral «olution of an arj^esite yields irith nitrate of sil^rer 
k yeHov^ precipdtate of arsenite of siiTer^ A neutral solution of 
an arseniate gives With the same reagent a brownish-red predpi-^ 
tate of arseniate of silver. Both these precipitates are readily 
soluble in dilute nitrie acid and in ammonia, anil they a e by no 
means insoluble in nitrate of ammonitim. If solutions contain^ 
ing free arseniotfs or arsenic add are to be tested, they must 
JBtst be catitionsly neutrali^^ witli the least possible quantity of 
amnsonia-watej. 

The above tests are generally snffieient, btft eircumstAnceSi 
may arise in which they would be in^^i^icable. The following 
tests afford further means of discvimination* 

If to a soltttio^ of arsenio»s add or an arsenite, eatistie soda 
be !&rist added in excess and then five or six drops of a dilute 
solution of sulphate of copper, a clear bluish liquid is obtained,- 
which, upon 'boiling, deposits a red precipitate of dinoxide of 
eoppei* (CugO), while soluble arseniate of sodium is simultane^ 
l^tisly produced, and remains in the solution. This test is good 
as a means of distinguishing between arsenit<es and arseniate» 
when no organic matters are contained in the solution ttnder 
examination. The .^ualififcatian is necessary, because grape- 
sugar, and nmny other organic substances exereise a like reduce 
ing action on copper salts. 

M a sol»ti<^ of arsenic add, or of an arscni^ite soluble ift 
#ja;ter, be addled to a dear mixture of sulphate^of magnesium^ 
ehloride of ammonium and ammonia-water (App., § 41), a Cry6^ 
talline precipitate of arseniate of magnesium and ammonium 
will separate, after an interval Which is short in proportion to* 
the concentration of the arsenie solution. 

6^ SidphateB. The chloride of barium test (§§> 45, 46) is- 
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all suffident for the detection of sulphates. The operator 
should make sui^e that the dilorhydric add itself contaios no 
sulphuric acid, that an excess of acid k really present, and that 
the solution is tolerably dilute. Concentrated acids and strong 
solutions of many salts impair the delicacy of the reaction. 

63» Pkoiphates. When the previous steps of the analye^s 
have proved that the phosphates ppes^it in the solution under 
lexaminadon are soluble in ammoniacal liquids, and that no 
arsenic acid or arseniates are present, the following test will 
sads^torUy identify a phosphate or free phosphoric acid. 

Add to the solution to be tested a dear mixture of sulphate 
of magnesium, chloride of ammonium and ammonia-water 
(App., § 4^). When a phosphate or free phosphoric acid is 
present, a white, crystalline precipitate of phosphate of mag- 
nesium and ammonium is formed, even in very dilute solutions. 
Stirring and shaking promote its separation. The precipitate 
"dissolves readily in acids. 

When arsenic acid or arseniates are present in the original 
mixture, this test for phosphates can still be applied, if all the 
arsenic be previously removed by precipitation as sulphide 
(§ 23). 'The magnesium mixture can be used in the filtrate 
tpom the sulphide of arsenic. 

The preceding test can only be applied when the phosphate 
present is soluble in ammoniacal solutions. The following test 
is of much more general application ; it can be used in pres* 
ence of arsenic acid, and is applical^ to either neutral or acid 
solutions of phosphates, it is also extremely delicate. 

When two or three drops of a neutral or acid solution of a 
phosphate (even of iron, aluminum, barhxm, strontium, calcium, 
oir magnesium [compare § 27]) are poured into a test-tube con- 
taining four or five teaspoonfols of a solution of molybdate of 
^ammonium in nitric acid (App., §1^)? there is formed in ike 
-eold a pale-yellow precipitate whioh iss apt to gather upon ike 
«idee and bottom of the tube, if the precipitate does not appear 
in a few minutes, a few drops more of the solution to be tested 
may be added. This precipitate is soluble in an excess of 
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phosphoric and other acids ; and ceHain organic substances also 
prevent its formation. A yellow coloration of |;he liquid merely 
is not enough to prove beyond question the presence of a phos- 
phate ; a precipitate must be waited for. The yellow precipitate 
can be easily recognized, even in dark-colored liquids, when it 
has settled. The solution to be tested must not be heated, nor 
must it be more than blood-warm. 

Phosphate of sodium is the best substance on which to try 
the test for phosphates. 

64. Oxalates. The precipitation of white, finely divided 
oxalate of calcium, by all soluble calcium salts from solutions of 
Oxalates or oxalic acid, has been already described (§ 48). Even 
the solution of sulphate of calcium gives this reaction with 
oxalates. 

If oxalic acid, or an oxalate in the dry state, be heated in a 
test-tube with an excess of concentrated sulphuric acid, a mix- 
ture of carbonic oxide and carbonic acid is set free with effer- 
vescence ; the carbonic acid may be identified by the lime-water 
test; and if the quantity operated upon is considerable, the 
carbonic oxide may be inflamed at the mouth of the tube; 

65. Tartrates. Tartaric acid and the tartrates, when heated 
in the dry state, char, and emit a very characteristic odor which 
somewhat resembles that of burnt sugar. This is the only class 
of salts, among all those within the scope of this treatise, which 
exhibits this carbonization by heat. 

To confirm the presence of tartaric acid, or a tartrate, in any 
liquid supposed to contain Jit, a concentrated solution of acetate 
of potassium is added to the liquid, and the mixture violently 
shaken. The precipitate, when one forms, is a difiiculty soluble 
acid tartrate of potassium. The addition of an equal volume of 
alcohol increases the delicacy of the reaction. The more con- 
centrated the solution to be tested the better. To prepare the 
required solution of acetate of potassium at the moment of use, 
rub together in a dish half a teaspoonful of carbonate of potas- 
sium and as many drops of acetic acid as will dissolve three- 
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quarters of the carbonate ; throw the mixture on a small moist- 
ened filter and use the filtrate. 

Tartaric acid is a good substance from which to get these 
reactions. 

66, Borates. To confirm the presence of a borate, strong 
sulphuric acid is mixed with the dry substance under examina- 
tion in quantity sufficient to make a thin paste, and an equal 
bulk of alcohol is added to the mixture. The alcohol is then 
kindled. Boracic acid imparts to the alcohol flame a yellowish- 
green color. The test is made more delicate by stirring the 
mixture, and by repeatedly extinguishing and rekindling the 
fiame. Copper salts impart a somewhat similar color to the 
fiame ; but this metal, if present, may be got rid of by sulphur- 
etted hydrogen before testing for boracic acid. 

If a solution of boracic acid, or of a colorless borate, is mixed 
with chlorhydric acid to slight, but distinct, acid reaction, audi a 
slip of turmeric paper is dipped half way into the liquid and 
then dried at 100° C, the dipped half shows a peculiar red tint. 
This test is delicate, but there are a few other solutions which 
impart, not the same, but somewhat similar tints to turmeric 
paper. The yellow turmeric paper used for this test is prepared 
by steeping narrow strips of white paper in a filtered tincture of 
turmeric root. The dried paper should have a fine yellow 
color. The tincture is made by digesting one part of bruised 
turmeric in six parts of warm spirits of wine. 

The reactions of borates may be obtained with a fragment of 
borax. 

67. Silicates. The silicates of sodium and potassium are 
the only silicates which are soluble in water. The solutions of 
these alkaline silicates are decomposed by all acids. If chlor- 
hydric acid is added gradually to a strong solution of an alkaline 
silicate, the greater part of the silicic acid separates as a gelati- 
nous hydrate. As. a rule, the more dilute the fluid, the more 
silicic acid remains in solution. 

If the solution of an alkaline silicate, mixe<l with chlorhydric 
or nitric acid in excess, be evaporated to dryness, silicic acid 
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separates ; if the dry mads be ignited and then treated witJi dilute 
chlorhydric or nitric acid, the whole of the silicic a<ad remaina 
insoluble in the free state, as a gritty, wMtbh powder, while the • 
other substances dissolve. 

A solution of chloride of ammoninm produces a gelatinous 
precipitate in strong and nK>derately dilute solutions of the 
alkaline silicates. This precipitate is hydrated silicic acid con- 
taining alkali. 

A solution of waterglass is the best substance in which to 
study the reactions of the silicates of the alkali-metals. 

68. Fluorides. If a finely pulverized fluoride is heated in 
a small leaden capsule or platinum crucible with concentrated 
sulphuric acid, fluorhydric acid is disengaged. 

Coat with wax the convex face of a watch-glass large enough 
to cover the capsule, by heating the glass cautiously, and spread- 
ing a small bit of wax evenly over it while the glass is hot 
Trace some lines or letters through the wax with a pointed 
instrument of wood or horn. Fill the hollow of the glass with 
cold water, and cover with it the capsule which contains the 
fluoride mixture. Heat the capsule gently for half an hour or 
an hour. Then remove the watch-glass, dry it, heat it cautiously 
to melt the wax, and wipe it with a bit of paper. The lines or 
letters traced through the wax will be found etched into the 
glass. A barely perceptible etching is made more visible by 
breathing upon the glass. If much silicic acid is present, thia 
reaction fails. 

When a fluoride, naturally combined or artificially mixed 
with silica, is heated with strong sulphuric acid, fluoride of sili- 
con is evolved. This reaction is available as a test for fluorin'e. 
A -mixture of the supposed fluoride and fine dry sand is 
heated in a short, dry test-tube with Concentrated sulphuric acid, 
A drop of water, caught in the loop of a clean platinum wire, is 
held in the mouth of the test-tube. This drop of water becomes 
merely dim, quite opaque, or almost solid with silicic acid, 
according to the quantity of fluoride of silicon evolved from the 
nUxture. The gaseous fluoride of silicon sliows white fum^ 



Sf 60, 70 CHLORID»$-^BROMIDEa. 71 

ifhen it eomea in contact with niftiat aic If a considerable 
^qua^tity of fluoride of siUcon he eveived froi» the mixture 
tested, it can be Recanted into another test-tube, and there 
ehaken up with water. If the sub*taB.ce. to be tested for fluorine 
19 kaown to contain &iHca> it ia, of couri^e, unnecessary to add 
«and to it. Thi^ n^ethod applies, to all fluorides decomposable 
by hot sulphuric ^cid. It is evident that this test reversed can 
he applied to the detection of silica. 

Fluoride of calcium (flu.©r-spa,r) is a good material from 
which to obtain these two tests for fluorine^ 

68^ Chlorides^ The following confim^atory test is applied 
to chlorides in the dry state. 

When a chloride, in powder, is heated in a test-tube with 
black oxide of manganese and strong sulphuric acid, chlorine 
gas is evolved; this gas is recognized by its odor, greenish^ 
yeDow color, and reaction with iodo-starch paper. The gas 
«^volved by a chloride g^ves no colored reaction with starch 
alone ; but when a moistened slip of paper, on which a mixture 
of starch paste and iodide of potassium (App., § 32) has been 
spread, is held in an atmosphere .or current of chlorine, the 
paper is colored blue in consequence of the liberation of iodiuQ 
Tfhieh the chlorine effects. The yellow color of the gas i* be&t 
seen by looking lengthwiae through the tilbe. 

70. Bramides. The confirmatory tests for bromides depend 
npon the setting &ee of bromine itself. 

Hot nitric acid liberates the bromine from all bromides e:5oept 
those of silver and mercury. In solutions, the free bromide 
produces a yellow coloration; whcA set free from solid bromides, 
the brownish-yellow vapors of bromine condense into a liquid 
iipon the cold walls of the tube* 

When bromides, in powder, are heated in a test-tube with 
black oxide of manganese and strong sulphuric acid, brownish- 
T^ vj^pors of bromine are eTolved. If chlorides are also 
present, the bromine will be mixed with chlorine. 

To identify bromine and distinguish it from chlorine, moist- 
4B^ed jBtarcb is brought :into contact with the fre^ bromine. ^ 
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yellow or orange-yellow coloration of the starch marks the 
presence of bromine. To apply this test^ thrust' a rod smeared' 
with starch-paste into the tube which contains the bromine- 
vapors ; or, when greater delicacy is requisite, perform the ex* 
periment which is expected to liberate bromine in a very smalF 
beaker, and cover this beaker with a watch-glass to whose under- 
side is attached a bit of paper moistened with'starch-paste and' 
sprinkled with dry starch. 

Bromide of potassium is a good substance with which ta 
study the tests for bromine. 

71, Iodides. When an iodide, in the solid' form or- in 
solution, is heated with strong nitric acid, iodine is liberated and' 
sublimes in violet vapors. 

Free iodine in vapor fs recognized by the deep blue color 
which it imparts to starch-paste. Vapors may be tested by~ 
bringing into contact with them a glass rod smeared with thin- 
starch-paste, or a slip of white paper on which the- paste has- 
been spread. 

The best method' of detecting iodine in a solution is to, add a- 
few drops of thin, clear starch-paste to the liquid, and then set 
free the iodine by means of nitrite of potassium (App., § 31), as 
follows : — The cold fluid to be tested is acidulated with dilute 
chlorhydric or sulphuric acid; after the addition of the starch- 
paste, and a drop or two of a concentrated solution of nitrite of 
potassium is then added. A dark bliie color will be ihstantly^ 
produced. It is essential that the liquid should be kept cool 
for die blue coloration fs dfestroyedby heat.. 

Like chlorine and bromine, iodine is liberated by heating air 
iodide with black oxide of manganese and sulphuric acid. The- 
iodine so liberated ia readily distinguished by the above tests. 

The student .can try all these tests for iodine with a small 
crystal of iodide of potassium. 

72, Nitrates, To confirm the presence of a nitrate, one or- 
both of the two following tests may be used. 

If the solution of a nitrate is mixed with an equal volume of 
strong sulphuric acid, tfa^ mixture cooled in cold watery and a: 
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concentrated solution of f(ferrous sulphate then cautiousfy adde^ 
to it in such a way that the two- fluids do not mix, the stratunv 
of contact shows a purple or reddish color; which changes to a 
brown. If the fluids are then mixed, a clear, brownish-purple* 
liquid is obtained. The color fkdes on heating. Another way 
of performing the same test k to drop a crystal of copperas into* 
the cold mixture of nitrate and sulphuric acid. There forms, 
around the crystal a dark halo, which disappears with a kind of 
effervescence on the application of heat. It is, of course, essen- 
tial that the sulphuric acid employed for this test should be sa 
free from nitric and hyponitric acids, as not itself to give thia 
reaction with- ferrous sulphate. 

BoiT some chlorhydrrc acid in a test-tube, add to it one or two- 
drops of a dilute solution of swlphindigotic acid (App., § 47),. 
and continue the boiling a moment. If the> chlorhydric acid is 
sufficiently free from chlorine, tl^e resulting liquid will be of a 
feint blue color. If a nitrate, either solid or in solution, be 
£|dded to this liquid and the- mixture be again boiled, the liquid 
will be decolorized. This reaction is delicate ; but there are^ 
some other substances, especially free chlorine, which have a 
like bleaching effect. 

Nitrate of potassium is a suitabfe material on which to illus- 
trate the tests for nitrates. 

73. Chlorates, The preliminary examination gives warning: 
©f the presence of chlorates. 

When a few particles of a chlorate in the solid form are 
eovered with two or three times as much strong sulphurfc acid^ 
and the mixture is ^entl^ warmed, tlbe liquid becomes intensely 
yellow, and a greenish-yellow irritating gas of peculiar odor 
(hypochloric acid, CIO2) is evolved, which explodes with vio- 
lence at a moderate heat After this decomposition, the gas 
evolved has the characteristic odor^of chlorinei The quantity 
etf chlorate operated upon should^ be very small. 

The solution of a chlorate decolorizes indigo-solution precise- 
ly like the solution of a. nitratCj, under like conditions (§ 72).. 
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A chlorate is converted bj ignition into chloride, frona^ a 
solution of whieh nitrate of «ilver precipitates the chlorine. 

Chlorato of potassium illustrates very well the reactions of 
chlorates, 

74. AceMes.. When aoeiates are moderately heated with 
fifcrong sulphuric acid, hydrated acetic acid distils from the 
mixture, and may be recognized by its pungent odor. 

When an acetate is heated with alcohol and sulphuric, add in 
«qual volumes, acetic ether is formed. The agreeable odor of 
this ether is highly characteristic. 

Hot concentrated sulphuric aqid produces bo blackening with 
iin acetate. 

When a few drops of a solution of ferric chloride (§ 9?, J.) 
•are added to a solution of a neutral acetate, or to a solution of - 
an acetate previously neutralized with ammonia, the liquid 
acquires a dark red color, because of the formation of feriic 
iieetate. If the liquid contain an excess of the acetate, a baaic 
aeetate of iron is precipitated in yellow flocks upon boiling, and 
Ihe fl;aid finally becomes oolarlesa* 
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PBELIMINARY TREATMENT. 

THE ORDEB OF PROCEDUBE. 

75. The substance to be examined may be either solid or 
liquid. We shall consider first the preliminary treatment of a 
solid ; afterwards that of a liquid. The solid may be a metallic 
substance, that is, a pure metal or an alloy, or it may be a salt, 
mineral, or other non-metallic body. The method of procedure 
differs in the two cases. We shall describe first the treatment 
of a salt, mineral, or other non-metallic substance. The two 
following observations, however, apply to all cases. The 
ttudent should, in the first place, learn as much as possible from 
the external properties of the substance to be analysed, from its 
eolor, consistency and odor, if it is a liquid; from its color,, 
texture, odor, lustre, hardness, gravity and crystalline or amor-> 
phous structure, if it is a solid. By attentively observing the 
eharacteristics or individual peculiarities of every substance 
which passes through his hands, the student will soon learn to 
recognize many substances at sight, — by far the quickest and 
easiest way of identifying them. Secondly, since the original 
substance must be several times reverted to in order to com- 
plete an analysis, the student should husband his stock of the 
substance to be analyzed, never employing the whole of it for 
any single course of experiment. It is well also to reserve a 
portion for unforeseen pontingenciea. 
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CHAPTER XL 

TREATMENT OF A SALT, MINERAL, OR OTHER NON-METALLIC 

SOLID. 

A. PRELIMINARY EXAMINATION IN THE DRY WAT. 

76. Closed-tube test. Prepare a hard glass tube No. 4 
(App., § 70), about 3 inches long, and closed at one end. Let 
fall into this tube a minute fragment of the solid, or a little of 
its powder. If the substance be used in powder, wipe out the • 
tube with a tuft of cotton on a wire, in order that the interior 
walls of the tube may be clean to receive a sublimate. Heat 
the substance at the end of the tube, at first gently in the lamp, 
but finally intensely in the blow-pipe flame. The following are 
the most noteworthy reactions with the inferences to be drawn 
from them ; it not unfrequently happens that a single substance 
gives several of these reactions. 

I. The substance blackens, and gases or vapors are evolved. 
These vapors often have a disagreeable smell, sometimes like 
that of burnt sugar, paper, or feathers. Sometimes they con- 
dense in tarry droplets-; water also condenses on the cold part 
of the tube. These appearances indicate the presence of organic 
substances. 

Now the presence of fixed organic matter interferes with the 
detection of many substances, and it must be destroyed before 
the analysis can be proceeded with. A portion of the original 
substance, sufficient for the regular course of examination for 
the metallic elements, is ignited on platinum foil, or in a porce- 
lain crucible with free access of air, until all the carbon is burnt 
out of it. This ignition is best performed on successive small 
portions rather than on a large mass at once. 

It is obvious that some inorganic volatile matters may be lost 
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during this ignition. Furthennore, some substances, especially 
alumina and- chromic and ferric oxides, are made very insoluble 
by ignition. Exceptionally, therefore, the following process, 
which is not liable to these objections, is employed: — The 
substance in powder, paste, or concentrated solution, is heated 
in an evaporating-dish with strong nitric acid to a temperature 
just below boiling. To this hot nxixtiire chlorate of potassium, 
in small bits, is added .gradually until the organic matter is all 
destroyed. The solution, is then evaporated to dryness on a 
water-bath ; the dry residue is moistened with strong chlorhydric 
add, the mixture diluted with water, warmed, and filtered, if 
there be any residue. The filtrate is fit for the regular course 
of analysis, except that potassium, having been added, must not 
be tested for in this liquid. The residue, if any, must be exam- 
ined for the insoluble chlorides of Class I. This process is 
simply a combustion at a low temperature. 

Simple blackening is not proof of the presence of organic 
bodies. Some salts of copper and cobalt, for example, blacken 
through the formation of a black oxide. 

When organic matter is shown to be present, the student 
shotild look particularly for acetic (§ 74) and tartaric (§ 65) 
acids ; but he will not forget that there are hundreds of organic 
acids which are not comprehended in the plan of this treatise. 

II. The substance does not carbonize, but vapors or gases 
escape from it. The most important are : — 

a. Aqiteous vapor, which condenses in the upper part of the 
tube. Test this water with litmus 'paper; if it is alkaline, am- 
monia may be suspected ; if acid,some volatile acid (H2SO4, HCl, 
HB3, HI, HFl, HNO3, &c). , 

b. Oxygen, recognized by its relighting a glowing match. 
This gas indicates nitrates, chlorates and peroxides. If the 
heated substance fuses, and a small fragment of charcoal thrown 
in is energetically consumed, the presence of a nitrate or chlor- 
ate may be assumed. 

c. Hyponitric add, recognized by the brownish-red color of 
the fumes« It results from the decomposition of nitrates. 
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d. Sulphurous acid, recognized by its odor* It not unfi-e- 
qnently results from the deconotposition of sulphjttes, sulphites 
And sulphides. 

e. Carbonic add, derived from decomposable carbonates, and 
to be recognized by lime-water (§ 64). 

/. Cyanogen, derived frt>m decomposaMe cyanide^, and to be 
recognisfed by its odor, and lAie blue flame with which it bumib 
when there is enough of it to be lighted. 

g. Sitlphydric add gas, derived from, moist sulphides, and to 
be known by it^ smell. 

A. Ammonia, resulting sometimes from the decomposition of 
atnmoniacal salts. 

ni. A sublimate forms beyond the heated' portion of the 
tube. The whole of the substance may volatilize. The follow- 
ing are the commonest sublimates : — 

cu Sulphur, which sublimes in reddish drops. The sHblim-^ 
ate becomes solid and yellow, or yellowish-brown, on cooling. 

K Ammonium-salts give white sublimates. Test a separate 
small portion of the original substance for the salts of ammon- 
ium, by mixing it in a small test-tube with an equal bulk of 
slaked lime and a few drops of water, and heating the mixture* 
Ammonia, when evolved, may be recognized by its smell, and 
by the white fume produced when a rod moistened with a mix- 
ture of equal parts of strong chlorhydric acid and water is held 
above the mouth of the tube. Unless the original solM is 
obviously inalterable by heat, it should be invariably tested in 
this way for anamonium salts* 

c. Metallic mercury and some of its compounds* The metal 
sublimes in metallic droplets* The two chlorides of mercury 
give sublimates which are white when coM. The red iodide of 
mei'cury gives a yellow sublimate. The sulphide of mercwy 
gives a dull black sublimate. 

d. Arsenic and some of its compounds* MetfiilUc afseme 
gives a black sublimate of metallic lustre. Arseniows acid gives 
& white sublimate which looks ta'ystalline under a magnifying 
lens. Hie sulphides of arsenic give suMimates which ar« 
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brownish-red while hot^ but reddish-yellow to ted wtftB €0M f 
tliese snfolimates look not aalike that of pure sulphur. 

€4 Teroxide of antimony first fuses to a jellow liquid and 
then gives a white sublimate, composed of needle4ike crystals^ 

f Oxalic acid g^ves a white crystalline sublimate with dense 
AuBes in the tube. 

The inferences to be drawn from thi» sine^le {preliminary ex-' 
periment are of very unequal yalue* Thus the detection of 
organic matter is of the first in^>ortaficey because, as has been 
deexi) such matters must be got rid of before the analysis can b« 
l^roeeeded with^ Again, nitrates and chlorates should be de^ 
tected with a good degree of certainty by their reactions in tho 
dosed tube. -Thirdly, ihe presenee/ or entire absence, of am-' 
monium-salts should be put beyond doubt at this first stage of 
the examination. Fourthly, the presence of ipercury, or of 
mercurous salts, determines the choice of the acid solvent in 
favor of nitric acid, in case water will not dissolve the substance 
ttnder examination 81)^ Accordingly it is useful to get in-' 
formation of the presence of mercury or its compounds at this 
early stage of* the examination. As to the other appearances, 
tbey give information which may be convenient, but is never 
essential for the safe conduct of tiie regular course of analysi&r 
Hiey have been described because they may occur with or 
instead of the really important reactions. 

77. Reduction Test. Mix a little of the powd^ of the sub- 
fi(tance under examination (thq bulk of a hemp-*seed) with an 
equal quantity of carbonate of sodium, and make the mixture 
into a pasty ball with a small drop of water. Select a piece of dry, 
well burned, soft-wood charcoal, and cut out of it a rectangular 
block about 6 inches long, 1 1-4 inch wide, and 1*2 to 3-4 inch 
thick, having its fiat, smooth surface (6 inches by 1 1-4 indi) at 
fi^t angles to the rings of growth in the tree. It is this sur-' 
feee which is always to be used. A good piece of charcoal may 
be made to serve for many assays by filing off the used surface 
MmL exposing a new one» At 1-4 to 1-2 an inch from the end 
of such a piece of charcoal, scoop out with a penknife a littltf 
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cavity ©f the^ size of half a pea. Place the prepared pellet in 
this cavity, and expose it for several consecutive minutes to the 
reducing flame of the blow-pipe (App., § 66). 

Under these conditions, vapors of characteristic odor or ap* 
pearance may be evolved; some of them will be mentioned 
below. The two objects, however, to which attention is spe* 
cially to be directed, are the residue in the cavity, and the 
incrustation on the charcoal outside of the cavity. 

The following metals may be found as fused metallic globules 
m the cavity ; lead, silver and gold are reduced with ease, even 
by an inexperienced operator ; tin and copper with some 
difficulty : — 

«. Gold — a yellow, malleable globule, produced without 

incrustation. 
b. Copper — a red, malleable globule, produced without in- 
crustation. 
Tin — a bright, white, malleable globule. An incrusta^ 
• tion is simultaneously produced, which is faint 
yellow when hot and white when cold ; it imme- 
diately surrounds the globule. 
d» Lead — a very fusible and very malleable globule. A 

yellow incrustation is simultaneously produced. 
e. Silver— a brilliant, white, malleable globule, produced 

without incrustation. 
Two other common metals, bismuth and antimony, may be 
reduced to grey metallic glob«le^ but these globules are brittle, 
and are not liable to be confounded with the malleable globules 
just described. Bismuth gives a yellow incrustation which 
resembles that of lead^ 

Conunon charcoal is itself very apt to show a greyish incrus* 
tation of ash round about the heated *assay ; this incrustation 
remains unaltered or increases, when directly exposed to tho 
flame. The student should test each piece of charcoal before 
the blow-pipe flame, in order that he may not imagine a deposit 
of ash to be an incrustation derived from th^ substance under 
examination. 
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If a distinct globule has been obtained, it must be picked oni 
iDrith a pair of jewellers' tweezers, and pounded on some smooth 
^nd hard body to test its malleability. If it is malleable, replace 
it upon the charcoal at an unused spot, and heat it strongly with 
the oxidizing flame. Gold and silver globules fuse, but main-^ 
tain their brilliancy and give no incrustation ; this proof distin-^ 
fishes- a genuine gold globule from a yeUow globule composed 
of an alloy of copper and some white metal. A yellow globule 
composed of oxidizable metals tarnishes instantly in the oxidiz-^ 
in^ flame. A tin globule fuses, but its bright surface is instantly 
tarnished, ^nd a white incrustation of binoxide of tin is produced 
which cannot be driven off by either flame. A lead globule is 
rapidly converted into litharge, a yellow incrustation being pro- 
duced, which volatilizes with a bluish color when touched with 
the reducing flame. A copper globule is blackened by the 
formation of oxide of copper, and the blow-pipe flame Is tinged 
with green. 

Certain other phenomena may manifest ihems.elves during 
this experiment for the reduction of malleable metallic globules. 
Sulphur, ammonium-salts in general, the chlorides, bromides, 
iodides and sulphides of sodium and potassium, the chlorides of 
lead, bismuth, tin and copper, metallic mercury, arsenic, anti- 
mony and zinc, and many compounds of these four elements, are 
liable to pass off in vapors, which are oiften in part deposited 
upon the coal at a greater or less distance from the hot assay 
according to their volatility. With the exception of sulphur, 
these sublimates are white, but when deposited in a thin fllm 
upon the black coal they have a grey or blue appearance. 
During the production of the arsenic sublimate a peculiar odor 
is evolved ; this sublimate being very volatile is only deposited 
at a considerable distance from the assay. The incrustation 
produced by zinc is distinctly yellow i/^le hot, but turns white 
on cooling ; it settles near the assay and is driven away again 
with difficulty* 

These phenomena are all of secondary importance ; the main 
object of the experiment is the reduction of the five malleable 






mietals above enumerated. "V^e may thus obtain knowleclge of 
Ihe presence of gold {^o^ a confirmatory test^ see § "92, J.), k 
metal not included in our scheme oF analysis in the wet way* 
Tin generally gives warning ^ iIsb presence during this expferi" 
ment ; and this warning is of use, because it is iuconvenient W 
apply nitric add as a solvent to a substance containing tin, since 
this reageiat convfe'rts tin into the very insoluble binoxide of tin, 
l!lie detection df copper at this stage is of little advantage, ^e 
most important Tact Reducible from the reduction-test^ is the 
presence of either silVier "or lead. l"n dissolving an uhlsnow^ 
stibstance which proves to be insoliible in water, it is customarj* 
id try, as the second solvent, chlorlhydric acid. The chlorides 
©f silver aiid lead being insoluble, or diificultly soluble, thiA aciA 
should not be used as a solvent w*hen either of these two 'mkts!& 
18 present* iSitnc acid must be us^ instead. 

B» DISSaLVma a »ALT, MIHERAI., or OTHEK N0N-M£7A2>X.ta 
BOLI^^ r»£B FROM OROAKIC MATTER> 

vS. Befbre a solid suhstanc^ can he submitted to the sys* 
tematic course of analysis, it most be brought into solution. 
There is no universal solvent. • Different substances require 
different solvents. The four solvents employed in qualitative 
analysis for salts, minerals, and other non-metallic solids, are 
water, chlorhydric acid, nitric acid and aqua-regia ; and thes^ 
fcfcir liquids are invariably to be tried in the precise order in 
which they here stand. Water is always to be tried first ; to 
whatever resists water, Bti*6ng chlorhydric acid is applied; if 
chlorhydric acid i^ls to clissolve tlie solid completely, or is uh- 
8tiitahle, for reasons disclosed in the preliminary examination a» 
jiist explained, nitric acid is trijed, and after nitric acid, aqua* 
regia as the last resort. A solid sttbstance should invariably bo 
reduced to a very 'fine powder, Tbefore being submitted to the 
action of solvents (App., § 79). 

79. bhsolving in water. About half a thimblerul of the 
p6^dered substance is boiled with ten times as'niuch water in 1^ 



t^ftlb»<^b6» If an eSbtvetftSeac^ txxmTs, ag « poidbfe wifli mix- 
tures containing an add tsalib (yea&t-p(ywdtt*s, f(Mr examplg^, the 
gtts ewlved shouM he care^Ily teBted (§§ 53^58). If Ji gob- 
stance (dSsBO^lvefi completely, <the sob^OB Is ready for stoalysig. 
Wlien mndi^olved powder renulioft in the tube after protraoted 
boiling, alter a few drops of the Uqmi, and crraporate m, drop cor 
trvpo of the fiUra'fie to 'dryness on clean platinuBi fisttl, at as low a 
keat M po^ible. If tliere be no residiK on the foil, or if tfai 
if^doe be scarcely appredab^ the snbstUKoe is ppaetically m^ 
soluble in watei*, and acids must 'be tried «i soi vents% ^Bui i^ 
Ob th« contrary, a tdlerable residiM tiemttiiis «m the Ml^ decant 
the liquid in the tube into the filter, and bdil the powder agaiii 
With Wat^r. Perseverie with Ms traairaent until it is evident 
UiHit a |»art ^f tibe pawAist 4s ^insisiafete in twater. The issoltfbk. 
r^sidtte 4ii the tegt4ul9e ia ^Ateiied off; 4ihe clear fiki»te% 
<^l«cted tog^lvefr and ^ei$ntfefiira(ked by^eig^Mpoatatiion if of im*- 
fMsonable bulk, &re i«ftdy Ibr 1^ Mgular course ef amiiy^kk 
]&i %hi^ icase, a»i ki the triiU ^more fip(wmkie time in which aU 
tlve ^ubsta^nee has dissdTed in w^dtor^ it Is a simple fiqoenis 
solution which is submitted to asialyKis. 

do. ^ <x9i»«o«s gohOion, if liie :«tudent is assured Jiat 
thiB xxakmwm subcttance fb « shfiple «a]ft, he may draw 80n» 
tapui^tworthy infereiiees il^omi'the fa<% Hksfttiie substance dissdhtt^ 
in water. Of the salts which fall within the scope of this tasBst' 
qM, th^ following are pr^ically «iiiuble iin iWater : — 

1. 1^ isalts of sodium, and all of |iotaBs)iim and amm(mi«% 
except 4^heir douMe piKtiiraaAhlorides* 

>3% iAU nitirates, chlomtes, and acetates 

*d. Chlorides, ^omide||i and iodides^ eiaotpt those of.sihrar 
htid morcury. (Mercuric dbloride is jsoIqUb. Wkm 
lead salts are diffitsiMy i8oM)lei^ 

4. • Sfi1phat£», exoept ^Ihose of barium, ;0lnoaaftiam aad kad> 

<& ^any hyposulfihites. 

4. Itte Attlphides of eodium, potassiiim, ismmoi^um, • nrngsn-^ 
«diim, barium, ^ti^oatium and 4a2kiram. 
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7. A few cyanides, oxalates, tartrates and chromatesy besides 
those of the alkaU-metals already mentioned. 

It i^obvious that any element of the thirty-six considered in 
this treatise, may be present in an aqueons solution ; but it is 
also evident from the above list, that a great number of salts 
are absolutely excluded because of their insolubility in water^ 

If, on the contrary, there is no certainty that the substance 
under examination is not a complex artificial mixture, no safe 
conclusions can be drawn from the fact that a part of it, or the 
whole of it, dissolves in water. 

Test the solution with litmus paper. The solution is either 
neutral, acid, or alkaline. 

NeutraL The normal salts of most of the metals have an 
acid reaction. Sodium, potassium, barium, strontium, calcium, 
magnesium, manganese and silver, are the only metallic ele- 
ments which form salts whose solutions are neutral. Add to 
two or three drops of the solution a drop or two of carbonate 
of sodium. If a precipitate forms, any of the al)ove mentioned 
elements may be present ; but if no precipitation ensues, only 
sodium and potassium can be present 

Acid. The acidity may be caused by a normal salt having 
an acid reaction, or by an acid salt.l| Neither carbonates nor 
sulphides can be present in an aqueous solution with an acid 
reaction. 

Alkaline, The alkalinity may be due to the hydrates, sul- 
phides, cyanides, or carbonates, of the metals belonging to 
classes YI. and VII. ; ^the presence of a borate, sijicate, phos- 
phate, arseniate, or alunSinate of sodium or potassium ; to free 
ammonia, or carbonate of ammoniugi. If the alkalinity pro- 
ceed from an alkaline sulphide, the metals whose sulphides are 
insoluble in water and alkaline sulphides, must be absent If 
it is due to the presence of the hydrates or carbonates of the 
metals of classes YI. and YU., a very large nubiber. of sub- 
Btanoes are excluded. If it proceed from ammonia or carbonate 
of ammonium, all substances precipitable by these reagents are 
absent 
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An alkaline solution may obvioasly contain some substance, 
soluble in an alkaline solvent like caustic soda or sulphydrate 
of ammonium, but liable to immediate precipitation when this 
solvent is destroyed by the addition of chlorhydric acid at the 
first step of the analysis. Thus any sulphide of Class III. dis- 
solved in caustic soda or an alkaline sulphide, or compounds of 
alkaline hydrates with the hydrates of aluminum, zinc or 
chromium, would be precipitated when the alkaline solvent was 
neutrali^^. Chloride of silver dissolved in ammoni^ratelr 
would b^rorown down by any acid added in excess. Again, the 
alkaline solution of a silicate of sodium or potassium, when 
neutralized with add, yields a very gelatinous whitish precipi- 
tate of hydrate silicic acid. From a very concentrated solution 
of a borate, boracic acid separates in colorless, shining, Hat crys- 
t^s, when the solution is acidified with chlorhydric acid ; but 
the boracic acid thus separated disso^es when the solution is 
diluted. ^ 

Ii^view of these possibilities, an alkaline aqueous solution 
fihoula be carefully neutralized with nitric acid, as a preliminary 
measure, before chlorhydric acid is added to it. Effervescence 
should be watched for^^and, if it occurs, studied as directed in 
§§ 53-58. Several different cases of precipitation may be dis- 
tinguished, requiring somewhat different treatment. 

a. If the characteristic gelatinous precipitate of silicic acid 
appears, the acidulated solution must be evaporated to dryness 
and fgnited. The silicic add is thus rendered insoluble. The 
ignited residue is digested with dilute nitric acid and filtered. 
The filtrate is ready for the usual course of analysis. The in- 
soluble residue is silicic acid. * 

b. If the glistening, colorless plates of boracic acid appear, 
dilution with warm water will cause them to redissolve. ' 

c. If a precipitate appear on neutralization, whose color or 
texture proves that it is neither silicic nor boracic acid, but some 
substance insoluble in water and dilute acids, thrown down in 
consequence of the destruction of its alkaline solvent, the liquid 
is made slightly add and then filtered. The filtrate is ready for 



the usual eouirsQ otf «na)jsi(sr« The preoipilate, rtnsed wfeh a 
liUte water, k r«3ie«rved for fiwrtihier tnr^tsaent ; it is upt projTQriy 
II. atabstaooe solc^bte m watofr and it.muat be broughti m^ uphft- 
tion: by other methods^ h^eaftor to be desorib^. So«iQliiii6«r a 
precipitate forms qq esad neirtratllzatioii 9i an alkaline^ fljoid, 
whifsh redissolves when the add is added m exoesa. 

81. Dimdvin^ in wntds* The smbstaace wbiob water- hm 
fetle^jo dissolve, either m whole or i» part, is siest boiled in a 
nmaji^idh with three or fouor times, its bulk of o^^ntrated 
ddorfaydric aeid, U7^99 the tube-test (? 70) or th^^«etioi»- 
le«t. (§r 77) haa proved the preaeaee of sijveir, lead, or vm^nrj-y 
let which case oitrie acid is the first a^d to be tried. (Seex the 
actxfe paragraph.) If an effervesceoce occur, tbe^scaping gas in 
lo be tested, as described m. H 53^5& After boilipg the pow^ 
diered substauce with the strong acid„ dilute the Huid with, twice 
ite balk of water, a^d regeati the boiling if any residue renSon 
undissolved. The acidWdiluted because, though the subataoNOe 
to be dissolved is best attaebed in the first iastaoce b^ strong 
acady the salte forin^ by the action of the concentrated alcid are 
aob^re litkely to dissolve readily ia « dilute than in a strojngly md 
liqiftQ^r* Not a few aaita which scarcely dissolve in strong mA^ 
•re readily soluble kt the aame acids when dihited^ If the 
whole of the Stiubstanee finaJily dissolves^ the solution stitt farther 
cBluted is really for the trananussion of sulphuretted hydrogen 
(i ^2), for it is of cewr^e unnecessary to ejcamine it for meoabers 
af Class I. If, on the oonti ary, an i»id!ssolved residue rem^ 
in the tube, ascertain if anything ha» dissolved, by carefully 
«va{>orating two or threse drops of the fluid to dryness on platjt- 
num foil# Should an appreciable residue, in excess Qif th^ 
gjinen by two or threes drops, of the acid employed, remain upon 
the foil, separa^ tlw Hqivnd in the t^be &om the undiaseived 
fubatanoe 'by. detj^o^tati^n or filtration* Reserve the solution, 
IftbelUng it '^Ha Sol." 

iUnae the undissolved powder with water, and th^i boil itia 
aA evaporatinjKT dish with three oir four times lis bulk of str^oig 
ttttrlo add^ If the original aubstance oontained silver, lend^ 9r a 
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merci)rous,s^t, chlorhydric ^qd will not hay^ h^en ^ised, and it 
wijl be th^ resj^dae from th^ aqueous solution, wlneh is pow to 
be hojled wi^h nitric acid. Ip this case, effervescence k to be 
vatched for. If t1|e substance dissolves completely in tbe strong 
acid, or dissolves, with the exception of a light yellow mass of 
sulphur, whicl\ o.ften separates from a sulphide, evaporate the 
liquid to a very small bulk to driye off the free acid, dilute the 
evaporated solution with several times i^s bulk of water, sepa- 
rate the sulphur, if aecessaryv by filtration, and reserve the 
splutiqi^, labeiljing it " imQa Sol." If the substance does not 
eoDfipletely dissolve in tl^e strpng acid, dilute the. fluid with twice 
its bulk of water, and repeat the boiling. If the dilute nitric 
^id effects complete solution, reserve t^e «olution, labelling it 
AS before, " HNO3 Sol." If nc^ither tfcie strpng nor the diluted 
nitric acid effects tl^e complete solution of the substance, ascer- 
taia if anything has dissolved in the dilute aei^ by the usual 
iest on platinum f^il. If an appreciable re$idu^ remain on the 
foil, separate the undissolved solid in the disli from the liquid 
by decantation or filtratipp, and reserve Jhe solution. 

Boil the powder, which has resisted bpth ^cid^ taken ^^ingly, 
^th aqua-regia. If it dissplve^ completely, evaporate the solu- 
tion to a very spiall bulk, (iiliite the evaporated solution largely 
TOth water, ^nd reserve it for analysis, labellinff |t "Aq. Reg. 
tSol." It 19 u^elesA to. look for members of Class I. in such a 
i^c^ution* If, Qn the contrary, \t does not completely dissolve 
after protracted boiling, testi the liauor to see if anjrthing baa 
^ssolved. If an appreciable residue remains on the foil, dilute 
ihe aeid fluid, filter i(, reserve (he solution labelled as before, 
And wash the )indi^solve4 residue thoroughly with water, to 
prepare it for further treatment (§ 83.) 

82. ^^ €^^4 Molution. Of the three kiadfi of acid solutions 
here deseribeclt any one, any twp, or all three, m^y \te obtained 
from a singly mixture ^f different solids. Th^re is an advan- 
tage in knowing th^t a part of a complex raixture is soluble in 
water, a part iv\ chlorhydric acid, .a part in nitric acid, and a part 
^dIj in aqua-regia i because this knowledge may enable the 
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•tudent, when he has found oat all the elements of the mixtarey 
to make a more probable guess at the manner of their combina- 
tion in the original mixture, than he would otherwise be able to. 
But it is quite unnecessary to keep the three kinds of acid 
solution apart, when all three have been obtained, and to an- 
alyze them separately. On the contrary, all three should h» 
mixed together, and analyzed in one course of testing. It must 
only be borne in mind that when lead, silver, or mercurous salts 
are present, the nitric acid solution of the residue from the- 
aqueous solution, wilF give a precipitate of th* insoluble chlo- 
rides of Clasl^ I., on being mixed with a chlorhydric acid or 
aqua-regia soJution. 

The student must be careful to use no more acTd than r» 
absolutely essential. Nitric acid, particularly, is very objection- 
able ; because when fre* it reacts upon sulphuretted hydrogen 
with mutual decomposition, sulphur being set free. Sometimes 
a strongly acid solution becomes turbid when merely diluted 
with water. This phenomenon points to the presence of bis- 
muth or antimony. The turbidity will disappear again on tho 
addidon of chlorhydric acid. 

Certain silicates, when boiled with concentrated acids, are de- 
composed, and gelatinous silicic acid is separated. This happens 
but rarely, however, in the rapid processes of qualitative analy- 
sis ; and if it should happen, it is not likely to lead the student 
into error. A residue insoluble in all acids will remain ; this 
residue- is, or contains, free- silicic acid. 

It must not be supposed that it is common to try all four sol- 
vents on one and the same substance. Water and chlorhydrie 
acid are the common solvents ; nitric acid and aqua-regia arer 
actually, but seldom resorted to as solvents^ except, for metab 
(§ 92). It would require some ingenuity to deyise an artificia! 
mixture which would put to the test alf the capabilities of the* 
above-described method of bringing solids into solution in water 
and acids. Such mixtures are not met with in ordinarj^ experi- 
exxce*. It is the object of any method of analysis to meet reat 
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problems, not artificial complications which may be imagiaed, 
but which dp not occur in fact. 

C. TREATMENT OP INSOLUBLE SUBSTANCES. 

83. The substances of common occurrence which are prac* 
tically insoluble in water and acids are : — 

The sulphates of barium, strontium and lead. 

Chloride of silver. 

The anhydrous sesquioxides of aluminum, chromium* and 
iron, either native, or the result of an intense ignition. 

Chrome-iron-ore, a native mineral. 

Some aluminates. 

Binoxide of tin, native, or the result of ignition. 

Silica and many silicates. 

Fluonde of calcium (fluor-spar), and the double fluoride of 
sodium and aluminum (cryolite). 

Besides the substances included in this list, sulphur and car* 
bon, or graphite, should, perhaps, be mentioned, because they 
are insoluble ; but they will have been detected during the pre^ 
liminary blow-pipe examination, and their presence allowed for. 
Bromide, iodide and cyanide of silver, are decomposed by boiling 
with aqua-regia, and converted into the chloride, so that these 
substances never appear in their proper form in the final insola* 
ble residue. 

84. Substances which resist solution in liquids are gener* 
ally liquified by the action of fluxes at a high temperature t 
they are fused in contact with some powerful decomposing agent, 
like the carbonate or acid sulphate of an alkali-metal, or the 
hydrate or carbonate of an alkaline-earth metal. Certain pre- 
liminary experiments should precede the fusion. 

The insoluble powder is first examined care*iilly (with the 
help of a lens, if convenient) to ascertain if it is a homogeneous 
substance of the same color throughout, or a mixture composed 
of dissimilar, variously-colored particles. The following blow 



|»j[pe. Q^periments son^etimefi give deqisiye indic^tiops^ partici|- 
larly with homogeneous substances. 

€L The reduction-test (§ 77) is repeated with great care, 
looking especially for silver, lead and tin, and applying to the 
globule, if any is obtained, the test for distinguishing between 
(hese three white metals. This test has already been %pp}ied 
to the original substance ; but if tfiis substance was a complex 
mixture containing soluble ingredients, it is quite possible (hat 
the test should give a more satisfactory result, now that all 
substances soluble in water and acids have been removed, than 
it yielded be ore. If any reducible metal is detected, it is neces- 
sary to use a porcelain crupible for the fusion which it maj be 
desirable to make (§ 85) in order to convert the insoluble sub- 
stance into a more. mauageablQ form. A platinum crucible, 
which is employed for most fusions, cannot be used with safety 
^hon the substance tp be fused contains any reducible niatal ; 
for many of the alloys of platinum are extremely fusible. 

Sometimes, wh,eA the substance under examination contains 
but^ a small proportion of metaU some metal may be reduced 
4uring the blow-pipe experiment pi;i charcoal, but the detached 
p^t^<^l6s may not run together into a single conspicuous glob- 
ule. Since a mistake as to the presence of a reducible me^l 
may involve the destruction of 9, platinum crucible, it is best in 
^Qubt'ul cases, to operate in a moriB delicate fashion. To ascer- 
tain, beyond question, whether any reduced metal has beep 
feparated in this experipient, moisten the cavity in the chgtxQO^i 
witl) water alter the fusion h^s been finished, cut the charcpal 
put for a little distance, both around and below the cavity, 
tjf\d transfer the contents of the cavity and the scraps of 
^%rccai to ai> agate, or porcelain piortar. Pulverize ibfi 
whole mass, and then cf^re fully wa^h away the powdered ch^q:- 
e(^,, and all the I'g'iter portion qP the n\ixture. Any pial^e^ble 
met^l that may have been reduce4 remains in the n^ortar ip 
little flattened grains or spangles, in which the peculiar color ^d 
}us$ce of the metal or alloy are generally visible. Sometipies 
metallic streaks are produced on the mortar or pestle, by little 



partiol^ of metal ground betveen tUamf 7he student nuMUt 
nAt wstake gUatexi^qg p^rti^le^ of wet qjtorcoal alick;ii\g ta tUm 
mortar or pestle for metallic spangles. 

^ Prepare anotlkor pellet, of 9, mixtare of equal p^rtf of 
the. insoluble powder an4 carbonate of socUumi^ adcling a Utt]# 
<;barc(dl poisrder to the pa^s^te. Fuse thU mixti^re upoucbiV' 
^QiJi in tbe. reducing *4amQ of the. blaw-^pipe^ 8000^ 014^ th^ 
fuaed mass and the siirroiwding charcoal with a pophpif^^ pb^ 
the dry masft upon a bright «»rface of silver (coin or foil), aQ4 
WQjt^ it with a. drop of water. If a brawu slain be prodttCc4 on 
tbo silver, it is evideuce of the preseuce of sulphide of soditKUl 
in the fused mass. Thisi sulplvide results from the redaction of 
a sulphate, and is evidence of tifaje presence of a sulphate ia ^ 
aubstaoce teated. The odor of siUphuretted hjrdrogen i« often 
fierceptible when the fused mass, ia inoisteaed* The siljrer coin 
<^ foil may be replaced by a 'piece of leiad^paper, if care be taken 
not ta mistake the meire dktying of the paper for a stain of 
aulpbide. It is obvioua that the carbonate of sodium uaed in 
thia test mu&t be so free from anlphate of sodium aa mt itfe]f 
to give this reaction on ailver, a^ter fusion on charcoal* Signet 
caal*ga6 iu variably contains traces of anlpbur compounda^. thi« 
te^t cannot be perroro^d with a gaa-flame. 

e. Make the loop on the end of the bit of platinun\ wirQ 
(Ap^»$ 67) white-hot in the blowpipe flame, a?id tbruat it white- 
hot into some powdered boras ; a quantity of borax will adhere 
to the hot wire ; reheat the loop in the oxidizing flaw^ \ the 
bfw*ax will puff up at firsts aod then fuae to a trau^parent glaai^ 
If enough borax to form a solid, transpareut bead within the 
loop does uot adhere to the hot wire the first time, the hot. loop 
iKiay be dipped a second time in^ the powdered borax. 

When a transparent glaas ha« been formed within the loop of 
ijk^ platinum wire, touch the bead of g'asa while it is hot an4 
^% to a ^ew partidea of the inapluble powder and reheat the 
bead with the aihering powder in the Qxidi^King Aame. If the 
anbstauce dissolves slowly in the borax, and the bead has a fine 
jr^owiab-g^^aaa Cs)lQr when oold, chrpmium U probably preawtt 
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Reheat the bead in the reducing flame. If it presents a brigbi.t 
, green color both when hot and cold, there is no doubt of the 
presence of chromium. 

It sometimes happens when too much of the substance to be 
tested has been added, that the borax bead becomes so dark- 
colored as to be practically opaque. It may then be flattened 
while soft, by sudden pressure between any smooth metallic 
surfaces, like the flat parts of jewellers' tweezers. If the flat- 
tening makes the color of the borax-glass visible, nothing more 
is necessary ; but if the glass is still too dark, all the glass out- 
side the loop of platinum may be broken off by gentle hammer- 
ing, and the remaining glass may be reheated and largely 
diluted by the addition of more borax. 

It is convenient to be informed of the presence of chromium, 
because* chromic oxide and chrome-iron-ore are substances which 
it is particularly diflicult to decompose effectually by fusion. 
In presence of chromium, no other bead-reaction which can 
be anticipated under the circumstances will give a decisive re- 
sult ; but in the absence of chromium, the presence of iron may 
be determined. A suitable quantity of oxide of iron causes the 
borax-bead, heated in the oxidizing flame, to look red when hot 
and yellow when cold. Iti the reducing flame the iron bead be- 
comes greenish, or light brownish-green. 

d. The test for fluorine {§ 68) should be applied to the orig- 
inal substance, if it has not already been done. 

When all the above-mentioned tests {a-d) give negative re- 
sults, the simplification of the problem is very conspicuous ; the 
substances which may be present are reduced to alumina and 
some aluminates, silica and silicates. Again, when some of the 
preliminary tests give affirmative results, the evidence may be 
almost conclusive, if the substance under examination be evi- 
dently homogeneous. Thus chloride of silver, sulphate of lead, 
chromic or ferric oxide, binoxide of tin, or fluoride of calcium, 
may be satisfactorily identified. 

Tliere are two methods of changing insoluble substances into 
more manageable forms by the application of heat, with suffi- 
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dent exactness for the purposes of the qualitative analyst^ — the 
method by fusion, and the method by deflagration. 

85. Fusions, Mix the fine powder of the insoluble sub- 
stance with about four parts by weight of dry carbonate of 
sodium in powder. Both powders must be as fine as they can 
be made, and they must be intimately mixed. Keep the mix- 
ture at a bright red heat, in a platinum crucible (a porcelain 
crucible, if a reducible metal has been found in the substance, 
and fusion is for any reason preferred to defiagration), until the 
mass has been brought to a state of quiet fusion (App., § 63). 
Place the hot platinum crucible, when withdrawn from the lamp 
or fire, on a cold block, or thick plate of iron, and let it cooL 
When the crucible has been cooled in this way, the fused mass 
can generally be removed from the crucible in an unbroken 
lump. Soak the lump in boiling water until everything is dis- 
solved which is soluble in water. If the mass cannot be 
detached from the crucible, the crucible and its contents must 
be soaked in boiling water. 

When the green borax bead, and the dark color of the insol- 
uble powder, point to the presence of chrome-iron-ore, a mix- 
ture of two parts, by weight, of carbonate of sodium with two 
parts, by weight, of nitre, may be substituted for the four parts 
of carbonate of sodium alone. 

86* Treatment of the fused mcus. The aqueous solution of 
the frised mass is filtered from the residue insoluble in water. 
Small portions of it are to be tested separately at this stage of 
t)ie process, for sulphate, chromate, chloride and fiuoride of 
sodium, either of which salts (besides others not regarded for , 
the moment) may result from the decomposition of the insolu- 
ble substance, and be found in the aqueous solution. A chro- 
ioiate colors the solution yellow. 

a. Acidify a small portion with chlorhydric acid, and apply 
the chloride of barium test for sulphates (§ 62). The student 
must learn by trial how much sulphate, if any, his carbonate of 
sodium contains. 

h. Acidify another small portion with acetic acid, and apply 
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tttb wsetaitie ^ letA test fot cbtolttftt«ii (| W), Id pr^setmii «^ 
snlphiiric acid tMn lest will tud obstOred, btit tt6t ^ekidei^i 
wlioUj nsfeless (§ 69, -p. S5). 

c. Acidiiy ft third port5*6n i^iA tiitnc iusid, and iappl)^ tbfe 
niirate ^iwlver test for chloriue 69). The student ttnistfitIA 
pt&r^ ^t his carbona^te of sodhitn Contains no chlorine. 

d. A fourth portion, having hetfti concentrated bj evttpolfifi' 
t^ in a porcelain dish, and again eooled, is ^diffed with '^or^ 
h(fdi4c acid, and tben left sLt rest xtnti^ the carbonic acid hH» 
elrt!^itped. It is then snpbrsattrrated with ammonia, lieated, bUsA 
fiteired t^bUe hdt llie 'titrate is eoHeeteld in a bottle ; t!hMHiJle 
ajf ealc^m is imm^ately added to it; 'the bottle is dofeed onid 
a!fty#^ to ^istnd at tc^t If 1^ original "stlbstam;^ t^ontahi<ifA * 
tcMHd^, the fiiM^ine will )iatf^ oMDfbtn^d Hiik 'soAivm dtitritig Aa» 
flulbn, attid fluoride of sodhim t^B ^ Ksbritiiihifed in ifbe ^qtf^DHrii 
lib}ttek)tti. Tlie 'carb<ynib acid hji'ving Wfn 'e!t<pefied, ttnd afl l^lri^ 
iteni^s predpititble by atnmbibin IhaVing l)eefn tetnoV^d, llffr 
chloride of calcium will throw down the fttiorid^ 'O-f calditiA. 
If ii prei^ipitatiB separates ftiGim the liquid in i!he bottle after isdme 
tlteie, it is isbllected in a small filter, dried and tea^B^mhied ioit 
•ttodtofe by the method of | 6S. 

The test of the aqueous solriticto %» ttciMed with dildAjrAfe 
acidj evaporated to dryness and ignited ; *ihe residue i^s lob- 
ttdned is Iwiled ii^ith dilute cUorhydric aei4 If the dilute iteid 
Ms to dissolve the residue tiompltEftely, ^he insoluble prolti<^ 
tmeMis of jiilicie acid. The solution ib reserved. 

HmffK^rtronof the Origihal jbsed muss which boi!in]g Walti^ 
.^flotdiissolvfe, and which was Altered from the aqueous «^* 
^n,isnfe3et dissolved in acid,^^M*[lortiydric acid, ifwher oA 
leM he absent, nitHt ^id if either of these metah be pr^eihf^ 
and the solution so obtained, miited w8h the reserved soldftllitti 
of *he last paragraph, "is e'xiimined in *the usual way for %he 
toetalHe elements (§ 43), except, of tJburse, sodium (and i80d^ 
timeis potassium), which has been added in the flux. 

If a portion of the fused mass resist both water atid litddS) 
ihl9 insoluble portion may 'eotttist df 'seplftuted silicic acid, of of 



5% 8?, 88, 89 ^thibif tfesf tb^ AtkAttfiS- fl!8» 

some 6^ tli6 original substancfe tihdecoihpdseA by Ihfe fusion. Ifii 
tb6 latter case, anothiBf and fhore pfolonged fUdou is the 6nlf 
effeiitual remedy, although it may often happen that & pkrti^ 
decomposition of thfe insoluble substance will enable the a^^y^t 
t6 recognize all the elemetit& Which it Contains. 

87' Fusion with Adtd Sulphate of Sodium, The foflowih^ 
liiethod maybe tried tb advanta;ge tipoti ferKc oxide, Chroinie O^idi^ 
eft chrome-iron-ore, and sofiie Very tfefraictory silic^at^s. Heiil 
th^ iiisOluble subi^tatide tvith tkfee or four times its bulk of a<44 
stjp'ha'te of sodium (App. § 24), in a pktinulEh crucible, until thft 
stilpfete iiiel£& ; theft fiiatntktti it \ti the liquid tetate for h^ Wl 
WH^. ^is operation iifaotild 'be 'perfoiiiied under a hood. "Hid 
fbs'ed Wass is treataad fe^sentially ks before (§ 86), allbW^ue^ 
beifig tbade for the difiei*ent iiattire Of the flux. 

8^. Silicate's ai^e by fai- Aie coiiiifionest of insoluble fttft^ 
stances. A great variety of iJietaHi(3 elements occul* In fn^bttr- 
Me silieeotis minerals, Iso that the ))0^si!ble contents of the iuAdf 
sbWtibli 'o"" § 86 are Very Variotts. When igilicic acid has 1;^6tt 
fdund in the aqueoiis Solution ^ I 86, the acid solution fils^ 
shbiild be evaporated to dryness, after it hds been once ttddbr 
and the residue should be ignited; the residnal mass is kgd)^ 
tfe&1ted tirith dilute chlbrhydrio Itcid. Silicic acid k again \^h 
bi&hind in this procesd ; tind the l^ubi^eqnent examination gbes*^dh 
the belter for this preliminary removal of silica, which, if left ih 
8dltiti6n, might creiaite confusion by iajipearing ^s a precipitiile 111 
aiihe^t ftny stage of the analysis. 

Many silicates contain sodium ftnd jf)otassfum. When Ithb 
pi^ence or absence of these ^kali-metals is to be detemiined, 
it*i& evident that the pulverized silicate must not be fused "With 
cittbonate of sodium, biit With some different decomposing jfluil:. 

'89. Fusion with Carbonate of Calcium and Chloriet^ 6^ 
Ahmdnium. An intiniate mixture is prepared of one paH ot 
the silicate, six parts of pure, precipitated carbonate bf calei\Slr| 
anft three-fourths paYt of pulverized ehloride of amnibnilfnl. 
ih^^ miixture is heated to bright redness in a platinum crncifale 
fbit thili'ty or forty minute's. Hie crucible, With its conXenH 
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(whicb should be in a coherent, sintered, but not thoroughly 
fused condition), is then placed in a beaker, and soaked for half 
an hour in water kept near the boiling point. The contents of 
the beaker are then filtered. The filtrate, containing caustic 
lime, chloride of calcium, and all the sodium and potassium of 
the origind silicate as chlorides, is treated with a little ammo- 
nia-water, and with carbonate of ammonium in slight excess ; 
the liquid is heated to boiling and filtered. This second filtrate 
is evaporated to dryness, and gently ignited to expel the ammo- 
nium salts. The residue is dissolved in a little water; one or 
two drops of carbonate of ammonium, and a drop of oxalate of 
ammonium, are then added ; the mixture is dgain heated and 
filtered ; this third filtrate is evaporated to dryness and ignited ; 
the ignited residue, if there be any, consists of the chlorides of 
sodium and potassium, or of one of these two salts. This resi- 
due is examined according to § 41. 

90. Deflagration, The method of fusion just described, 
involves the use of a platinum or porcelain crucible, and de- 
mands the heat of a blast-lamp, or strong coal fire. Neither 
crucibles, lamps, nor fires, are necessary in the method of defla- 
gration, which applies the heat inside the mass to be fused. 
Tliis decomposition by deflagration is performed as follows: 
One part, by weight, of the insoluble powder is intimately mixed 
with two parts of dry carbonate of sodium, two parts of fine 
and pure charcoal powder, and twelve parts of powdered nitre. 
The mixture is put in a thin porcelain dish or clean iron tray ; 
the dish, or little tray, is placed under a hood, or in the open 
air, and a lighted match is applied to the centre of the heap. 
Hie deflagration is completed in two or three seconds, and a 
well^fused mass remains. This mass is detached fron^ the cooled 
dish or tray, and boiled with water in a beaker ; it is generally 
very porous, and is therefore readily disintegrated by stirring it 
in. the hot water with a glass rod. The soluble portion will all 
be extracted in a very few minutes. The residue left by water 
is treated with acid precisely as described in § 86. The aqueous 
and acid solutions of the deflagrated substance are submitted 
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to the same operations as the correspondiDg solutions of sub- 
stances fused in crucibles (§86). A little charcoal is generally 
left undissolved by the acid, and with it any of the substance 
which may have escaped decomposition. The mixture of one 
part^ by weight, of powdered charcoal, and six parts of nitre, 
may be kept ready mixed for effecting the fusion of insoluble 
substances. 

The advantages of this process are that it is quick, requires 
only cheap and conmion tools, and may be applied to substances 
containing reducible metals, as well as to any others. It is, of 
coarse, inapplicable when sodium and potassium are to be sought 
for in silicates. Chrome-iron-ore cannot be decomposed in this 
way. The insoluble sulphates, chloride of silver, binoxidie of n 
tin, fluorspar, cryolite, glass, and many natural silicates, may^ 
be very well treated by this method, in spite of its apparenti 
roughness. 



CHAPTER Xn. 

TREATMENT OF A PURE METAL OR ALLOT. 

9I4 The elements which are now used in the arts in the, 
m.etallic state, and which therefore may come into the hands of 
the analyst as metals, either pure or alloyed, are silver, lead, 
mercury, bismuth, cadmium, copper, arsenic, antimony, tin, gold, 
platinum, alumiaum, iron, zinc, nickel and magnesium. These 
metals can all be brought into solution and detected in the wet 
way with eajse and certainty. It is therefore not worth while to 
submit a metal, or metallic alloy, to preliminary blowpipe tests, 
although at need mercury and arsenic can be readily detected by 
the closed-tube test (§ 76), and many others, by exposing them 
on charcoal to the reducing and oxidizing flame (compare § 77, 
p. 81). 

A portion of the metal or alloy to be examined should first 
be reduced to as fine a state of division as possible. If it is 
7 
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brittle, it can be powdered-; if soft, shaTings can be cut from it ; 
if -tough and hard, it can perhaps be fiised, and shaken into pow- 
der while melted, or granulated by being poured from a height 
into cold water. Filings should be the last resort, becaofe of 
the possibility of foreign admixture of iron. 

02. Action of Nitric Addon the Metals. A small quantity 
of the divided metal or alloy, about the equivalent of a pea in 
bulk, is placed in a flask, covered with concentrated nitric adcl, 
mid heated gently mider a hood or in the open air for half an 
hour. 

j^ complete eoltttion endues, gold*, platinum, tin and antimony 
are probably altogether absent; they can only ^ be present in 
very minute proportion. Any of the other metals above eiMi* 
merated may be present. Transfer the add solution to a porce- 
ikin dish, and evaporate it almost to dryness; dilute the. evap- 
orated liquid with five or six times its bulk of water, and pro- 
ceed with the analysis in th&.asuaLway (§ 43). If the solution 
becomes turbid on the addition of water, bismuth is doubtless 
present. In this case enouglv aoid mn^t be restored to the solu-' 
tion to clarify it. Mercury, if present, will be dissolved to mer- 
curic nitrate^ 

If a residue remains undissolved, add a little more acid, to 
make sure that the acid is incapable of ftirther action ; and whea 
ibis point is settled, test a drop or two of the clear liquid on 
platinum foil, to asc^tain if anything has entered into solution* 
If the nitric acid has effected a partial solution of the original 
metal, evaporate the liqtiid nearly to dryness, dilute the evapo* 
rated mixture with water, filter, and submit the filtrate to 'the 
usual course of analysis. The residue is thoroughly washed 
with water, to prepare it for further treatment. Three difi^rent 
cases may occur, readily distinguishable' by the mere appearance 
of the residue. 

a. The insoluble substance is non-metallic and white. lb 

,this case tin and antimony may be present, but gold and pl&ti* 

i^um are probably absent. The white residue may contain the 

insoluble oxides of tin and antimony, or either of them. TheM 
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I 

elements are to be delected by the methods of § 24, or by the 
method described just below (i&rst part of c) 

k The insoluble substance is metallic, as evidenced by its 
lustre, if it is in visible fragments, or by the weight and grey or 
black color of its powder, if it is in a fine state of division. 
Such a residue must be either gold or platinum (or some of the 
rare platinum-like metals which lie without the range of this 
manual). The residue is dissolved in aqua-regia, and evaporated 
to a very small bulk* 

Test for Gold. A portion of this evaporated liquid is diluted 
mth ten times its bulk of water, and poured into a beaker which 
is placed on a sheet of white paper. A small quantity of a 
solution of protochloride Of tin is tinged yellow by the addition 
of a few drops of solutioni of aesquichloride of irou, and th^i 
considerably diluted. A glate rod is dipped^ first into this tin 
solution, and then into the solution to be tested for gold. If: 
even a trace of the precious metal be present, a blue or purple 
streak will be observed in the ^rack of the rod. If the quantity 
of gold be more considerable a pink tinge will be imparted to 
the solution, or a purplish precipitate will be poroduced by a su^ 
ficient quantity of the tin-solution. . This. " purple-of-Cassius '.' 
test is applicable to very acid solutions* 

The small quantity of sesquichloride of iron needed for this 
test may be prepared by passing chlorine gas through a saturated 
solution of iron tacks in chlorhydric acid, until a drop of the. 
fiuid no longer produces a blue precipitate, in a solution of fer- 
ricyanide of potassium. The solution is tben heated to expel 
the excess of chlorine. The sesquichloride of iron solution 
must be added to the protochloride of tin solution just before 
the latter is to be used. 

The protochloride of tin 8oluti<m is prepared by boiling 
scraps of tin with strong chlorhydric acid until hydrogen ceases 
to be evolved. The tin must be in excess. The^ solution is 
diluted with four times its bulk of water acidulated with chlor- 
hydric acid, and filtered, if necessary. The clear liquid must be . 
b^t in a tightly-dosed bottle containing, some bits of tin. 
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Test for Platinum. To another undilated portion of the 
cooled aqua-regia solution, a cold concentrated solution of 
chloride of ammonium is added. The formation of a yello^r, 
crystalline precipitate of chloroplatinate of ammonium indicates 
the presence of platinum (or of some rare platinum-like metal) • 
By adding a little alcohol to the liquid, the test is made 'more 
delicate. In a difficult case, the aqua-regia solution might be 
evaporated to dryness with chloride of ammonium, and the 
residue treated with weak alcohol and water, which would dis- 
solve all the ingredients except the chloroplatinate. Upon 
ignition chloroplatinate of ammonilim leaves spongy platinum 
behind. 

c. The insoluble residue contains both a white powder and 
a metallic substance; It must then be examined for antimony, 
tin, gold and platinum. The following directions presuppose the 
presence of all four metals — ^a very rare case. 

The residue is placed in a porcelain dish in contact with a 
slip of clean, smooth, platinum foil, and heated wi^h a little 
chlorhydric acid. Water is thei^ added, and a small fragment 
of zinc is put into the liquid. Tin and antimony will be re-> 
duced to the metallic state by the zinc Antimony produces a 
characteristic black stain on the platinum foil. Gold and plati- 
num have been from the first in the metallic state. As soon as 
hydrogen has ceased, or nearly ceased, to escape from the liquid, 
the remnant of the zinc is tak^n out, and the solution, which 
consists of chloride of zinc, is carefully poured off; the residue 
is warmed with strong chlorhydric acid. The' tin alone dissolves. 

This solution of protochloride of tin is poured off, and tested 
with a solution of mercuric chloride (p. 30). A white or gray- 
precipitate of mercurous chloride (calomel) falls. 

The residue is treated again with chlorhydric acid to ensure 
the complete removal of the tin, and is then washed thoroughly 
by decantation. The washed residue is warmed for a quarter of 
an hour with a solution of tartaric acid (App., § 10), and a few 
drops of nitric acid are added towards the close of the digestion. 
Antimony dissolves in this tartaric acid solution ; its presence 
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may be verified, by passing snlpharetted hydrogen through the 
decanted solution. The platinum foil haying been taken out qf 
the porcelain dish, the metallic residue from the ^rtaric acid 
soli;tion is thoroughly washed by decantation, dissolved in aqua- 
regia, and .tested for gold and platinum, as just described in 
§ 92 5. 



CHAPTER Xni. 

PRELIMINART EXAMINATION OP A LIQUID. 

03. JSvapor(xH<m-4est, The first »tep in the examination of 
an unknowufliquid is to evaporate a few drops at a gentle heat 
on platinum foil. Attention should he paid to the smell of 
the escaping vapors in order to ascertain if the solvent be water 
or some other fluid, Hke aJiisohol, ^her, benzine, or a strong acid. 
K no appreciable residue remain, the fluid 'is probably pure 
water, or some other volatile liquid ; or it is possible that the 
liquid is some very dilute solution, like a spring water, which 
needs extreme concentration before the solid substances dis- 
solved in it can be detected. When a residue remains on the 
foil, the heat is increased, first, to ascertain if the dissolved sub- 
stances are wholly volatile, in which case only compounds of 
ammonium, mercury, arsenic and antimony, can be present; 
and, secondly, to ascertain if there be any organic matter in the 
liquid. Carbonization or charring with the attendant phenom- 
ena- (§ 76, 1) occurs when fixed organic matter is present. If 
organic matter is discovered, it must be destroyed by the second 
method of § 76, 1, before the analysis can be proceeded with. A 
volatile organic solvent can, of course, be got rid of by a simple 
evaporation to dryness. 

94. Testing with lAtnms. The next step is to test the 
solution with litmus-paper. ^ 

a. If it is neutral, and the solvent is water, consult § 80. 

hi If it is add, the acidity may be due to a normal salt 
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having an acid reaction, or to an acid salt, or to free acid« No 
general inferences can be drawn from the ac d reaction, except 
that carbonates and sulphides are absent. If dilution of the 
add fluid produces turbidity, ihe presence of antimony or bis- 
muth may be inferred. 

c. If it is alkaline, consult § 80 (Alkaline). 

95. By evaporating a portion of the original solution to 
dryness, the dissolved solid is obtained. This solid may be 
subjected to the whole of the preliminary treatment prescribed 
for a salt, mineral, or other non-metallic solid (§§ 76, 77) ; but 
inasmuch as the main object of all preliminary treatment of a 
solid is to learn how to get it into solution with the least diffi- 
culty, it is seldom worth while fbr the analyst to make ji solid 
out of a solution, and thus forego the advantage of having tber 
sohition already made to his hand. 

96. Testing for Ammonia. A small portion of the origiiMii 
solution must always be tested for ammonium salts, by> healsin^^ 
it in a test-tube with an equal bulk of slaked lime. The gas is 
recognized by its smell and its reaction with chlorhydric add 
(§ 76). 



The means of identifying and isolating the rare elements, the 
methods by which minute traces of one substance may be 
detected when hidden in proportionally large quantities of other 
substances, as when the impurities of chemicals and drugs are 
exhibited, and the processes to be employed in special cases of 
peculiar difficulty, such as the analysis of complex insoluble 
minerals, or the detection of mineral poisons in masses of 
organic matter, must be studied in complete treatises upon 
chemical analysis, or in works specially devoted to these techni- 
cal matters. ^ Such details, however valuable to the professional 
analyst, or expert, would not be in harmony with the plan of 
this manual. 



APPENDIX. 



KEAGENTS. 

[** Those reagents in the following list which are marked with the double 
asterisk are rarely employed; a single small bottle of each 0/ them in the 
laboratory will be enough for many students.] 

1. CUorhydric Acid (Concentrated), The strong common acid 
prepared by chemical manufacturers, though usually far from pure, 
will answer for most of the purposes of this manual. It must, however, 
be continually borne in mind that the commercial acid is usually 
contaminated with sulphuric acid, and very often with traces of 
arsenic and iron. These impurities may be present in sufficient 
quantity to render the acid unfit for use when these very substances 
are to be tested for in the mixture to be analyzed. 

The yellow color of the commercial acid, though often attributed 
to iron, is really due for the most part to the presence of a peculiar 
organic compound which is soluble in the strong acid. 

Pure acid may be prepared by distilling a mixture of fused chloride 
of sodium and sulphuric acid, and collecting the gas in water. (See 
the authors' Manual of Inorganic Chemistry, Exp. 49). 

If in any experiment doubts, arise concerning the character of a re- 
agent, a quantity of it, somewhat larger ^an that which has been 
mixed with the substance under examination, should be tested by itself, 
and the reaction compared with that exhibited in the doubtful case. 
If the result of this trial is unsatisfactory, the experiment must be 
repeated with reagents which are known to be pure. 

2. Chlorhydric Acid (Dilute), Mix^l volume of the common 
concentrated acid, or, — where special purity is required, — of the 
pure strong acid, with 4 volumes of water. 

3. Nitric Acid (Concentrated), Use the colorless commercial acid 
of 1.38 or 1.40 specific gravity. Strong nitric acid of tolerable purity 
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can usually be obtained from the dealers in coarse chemicals. An 
acid, which when diluted with five parts of water gives no decided 
cloudiness with either nitrate of silver or nitrate of barium, is good 
enough for most uses in qualitative analysis. 

4. Nitric Acid ( Dilute )k Mix 1 volume of the strong acid with 
6 volumes of water. 

6. Aqaa-regia should be prepared only in small quantities, at the 
moment of use, by mixing in a test-tube one volume of strong nitric 
acid, with three or four times as much strong chlorhydric acid. 

6. Sulphuric Acid (Concentrated), The oil of vitriol of commerce 
will usually be found pure enough for the purposes of this manual. 

7. Sulphuric Acid (Dilute) is prepared by gradually adding 1 
part of the concentrated acid to 4 parts of water contained in a 
beaker of porcelain dish; the mixture must be constantly stirred with 
a glass rod. When the mixing is finished, the liquid is left at rest 
until .all the sulphate of lead, which has separated from the strong 
acid, has settled to the bottom; the clear liquid is then decanted into 
bottles. 

8. Oxalic Acid, Dissolve 1 part, by weight, of the commercial 
crystals, in 20 parts of water. 

9. Acetic Acid, The ordinary commercial acid. 

10. Tartaric Acid should be kept in the state of powder, since 
solutions of it slowly decompose. For use, dissolve a small portion of 

"the powder in two or three times its volume of hot water. 
. 11. Sulphuretted Hydrogen Gas (^Sulphydric Acid), is prepared, 
as needed, by acting upon fragments of sulphide of iron with dilute 
sulphuric acid in the apparatus described in §§ 77, 78 of this Ap- 
pendix. The apparatus should always be placed either in the open 
air, or in a strong draught beneath a chimney. 

12. Sulphuretted Hydrogen Water, Pass sulphuretted hydrogen 
gas into a bottle of "^ater until the water can absorb no more. 
To determine when the absorption is complete, close the mouth of 
the bottle tightly with the thumb, and shake the liquid. If the water 
is saturated, a small portion of the gas will be set free by the agitation, 
and a slight outward pressure against the thumb will be felt. If the 
water is not fully saturated, the agitation will enable it to absorb 
the gas which lay in the upper part of the bottle, and a partial vacuum 
will be created, so that an inward pressure will be felt. 

Since sulphuretted hydrogen water soon decomposes when exposed 
to the air, it should always be kept in tightly closed bottles, and no 
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very large quantity of it should be prepared at once. A good way of 
keeping the solution is to fill a number of small phials with the fresh 
liquid, cork them tightly, and invert them in water, so that their 
necks shall always be immersed and protected from the atmosphere. 

At the moment of using this reagent its quaUty should always be 
proved by smelling of it, or by adding a drop or two of the liquid to a 
.drop of acetate of lead. 

13. Ammonia-Water, Commercial aqua-ammpniae may usually be 
obtained pure enough for the purposes of this manual. Dilute 1 
volume of the strong liquor with 3 volumes of water. Ammonia- 
water should be free from carbonic acid; when diluted, as above, it 
ought not to yield any precipitate when tested with lime-water. 

14. Sulphydrate of Ammonium, Pass sulphuretted hydrogen gas 
through ammonia-water, diluted as described in § 13, until a portion 
of the liquid yields no precipitate when tested with a drop of a solu- 
tion of sulphate of magnesium. 

Since sulphydrate of ammonium decomposes after a while, when 
exposed to the air, it is not advisable to prepare it in large quantities. 
In case any doubt arise as to the quality of the reagent, add some of 
it to a drop of acetate of lead. Unless a dense black precipitate 
of sulphide of lead is immediately thrown down, the sulphydrate i§ 
worthless. 

15. Carbonate of Ammonium, Dissolve 1 part, by weight, of the 
commercial salt, in 4 parts of water, and add to the mixture 1 part of 
strong ammonia-water. 

16. Chloride of Ammonium, Dissolve 1 part, by weight, of the 
crystallized commercial salt in 10 parts of water. 

17. Oxalate of Ammonium, Dissolve 1 part, by weight, of the salt 
in 24 parts of water. 

18. Nitrate of Ammonium, The commercial salt, kept as dry as 
possible, in the form of small crystals. 

19. ** Molyhdate of Ammonium, Digest 1 part, by weight, of 
molybdic acid for some hours in 4 or 5 parts of strong ammonia- 
water, and mix the clear solution with 12 or 15 parts of strong nitric 
acid; or dissolve 1 part of molyhdate of ammonium in 3 or 4 parts of 
weak ammonia- water, and mix the liquid with 12 or 15 parts of nitric 
acid, as before. 

20. Caustic Soda, Place 1 part, by weight, of the best commercial 
caustic soda in a large stoppered bottle ; pour upon it 8 or 9 parts of 
water, and shake the bottle at intervals until the whole of the soda 
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has dissolved. Leave the bottle at rest until the liquid has become 
clear, and finally transfer the solution, with a syphon, to the small 
bottles in which it is to be kept for use. The solution thus prepared, 
though pure enough for the uses prescribed in this manual, is reaUy 
far from pure. It would be unfit for use in a delicate research, be- 
cause it is usually contaminated with chloride, sulphate and 
carbonate of sodium, and is liable to contain traces of aluminate, 
phosphate and silicate of sodium. Since some nitrate of sodium is 
added to it in the process of manufacture, the soda is liable to be 
contaminated with this salt and the products of its decomposition, 
including ammonia. This last impurity is liable to be given off when 
the solution is boiled. 

Caustic potash, as prepared for surgeons' use, may be substituted 
for caustic soda whenever it can be more readily obtained. The pot- 
ash should be dissolved in about 10 parts of water. 

Since solutions of the caustic alkalies act upon glass rather easily, 
especially when its outer surface or "fire-glaze" has once been 
removed, it often^happens, when the soda solution is kept in glass- 
stoppered bottles, that the stoppers become immovably cemented to 
the glass by the silicate of sodium which forms in their necks. This 
difficulty may be avoided by wiping the necks of the bottles dry after 
any of the solution has been poured from them ; but it will usually be 
found more convenient to replace the glass stoppers with plugs of 
vulcanize^ caoutchouc, or better still, with small glass stoppers, over 
the bodies of which short pieces of caoutchouc tubing have been 
stretched. 

21. Carbonate of Sodium, The anhydrous salt of comnaerce will 
answer for most uses. It should not contain much sulphate of sodium. 
For those cases in which the use of carbonate of sodium free from 
any contamination of sulphate is prescribed, the salt may be prepared 
by washing a pound or two of bicarbonate of sodium repeatedly, upon 
a filter, with small quantities of ice cold water, until the original 
quantity is reduced to a fifth or a sixth of its bulk. 

22. Biborate of Sodium. Common borax, powdered. 

23. Diphosphate of Sodium. Dissolve 1 part, by weight, of " com- 
mon phosphate of soda "in 10 parts of water. 

24. ** Acid Sulphate of Sodium, Heat a mixture of 16 parts, by 
weight, of Glauber's salt and 6 parts of concentrated sulphuric acid, in 
a platinum vessel, until a portion of the melted mass becomes dis- 
tinctly solid when takei^ up on a glass rod. Then allow the mixture 
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to become cold, remove the cold lump from the platinum vessel and 
break it into fragments. Keep the coarse powder in a tight, glass- 
stoppered bottle. 

26. . Sulphate of Potassium, Dissolve 1 part, by weight, of the 
crystallized salt in 200 parts of water. A solution of this strength 
contains the same proportional quantity of sulphuric acid as is con- 
tained in a saturated aquCous solution of sulphate of calciunl. Hence 
it cannot precipitate the latter when added to solutions of the soluble 
calcium salts. 

26. Chromate of Potassium, (The normal or " neutral " yellow 
chromate.) Dissolve 1 part, by weight, of the salt in 8 parts of water. 

27. Ferrocyanide of Potassium, (Yellow Prussiate of Potash,) 
Dissolve 1 part, by weight, of the commercial salt in 1 2 parts of water. 

28. ** Ferricyanide of Potassium. (Red Prussiate of Potash.) 
Since the aqueous solution of this salt undergoes decomposition, with 
formation of some ferrocyanide, when kept for any length of time, the 
salt should be kept for use in the form of powder. The commercial 
salt is pure enough for analytical purposes. A minute fragment of it 
may be dissolved in water at the moment of use. 

29. ** Cyanide of Potassium, The better sorts of the commer- 
cial article are pure enough for analytical purposes. It should be 
kept in the solid form, in a tightly stoppered bottle. When the 
solution is required, dissolve 1 part of the salt in 4 parts of cold 
water. 

30. Nitrate of Potassium, Refined saltpetre may be employed. 
It- should be kept in the state of powder. 

31. ** Nitrite of Potassium, Weigh out 8 parts of concentrated 
nitric acid, mix it with an equal weight of water, and place the 
mixture in a glass flask provided with a perforated cork and gas 
deliver)'- tube. The flask should be so large that the mixture only 
half fills it. Throw into the liquid 2 parts of starch, in lumps, and 
heat the mixture until red fumes of nitrous and hyponitric acids 
begin to be given off; then remove the lamp lest the action become 
too violent. Conduct the fumes into a bottle containing 5 parts of 
potash-lye of 1.27 sp. gr,, until the latter is saturated. Then filter 
the saturated liquid, and evaporate it to dryness. For use, dissolve 
1 part of the dry salt in 2 parts of water. 

The nitrite of potassium bought of dealers in fine chemicals is often 
unfit for the uses prescribed in this manual; it can readily be made 
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good, however, by di^olving it in water, in the proportion above 
given, and saturating the solution with nitrous fumes. 

32. ** Iodide of Potassium and Starch Papers. Dissolve a 
gramme of pure iodide of potassium (free from iodate) in 200 cubic 
centimetres of water. Heat the solution moderately in a porcelain 
dish, and stir into it ten grammes of starch which has been reduced 
to the consistence of cream by rubbing it in a mortar with a small 
quantity of water. Stir the mixture until it gelatinizes, taking care 
not to burn the starch, then allow the paste to cool, and spread it 
thinly upon one side of white glazed paper with a wooden spatula. 
Dry the p'aper, cut it into strips as large as the little finger and pre- 
serve it in stoppered bottles kept carefully closed. 

33. Nitrate of Stiver. Dissolve I part, by weight, of the commer- 
cial crystals in 20 parts of water. 

34. Slaked Lime. ' Mix common quicklime with half it* weight 
of water. Keep the powder in bottles with tight stoppers. 

36. ** Lime Water. Place a handfull of slaked lime in a large 
bottle, pour in enough water to almost fill the bottle, cork the latter 
•tightly, and shake it at intervals during several days. Decant the 
clear liquid into smaller bottles for use. Refill the large supply- 
bottle with water, and again shake it at intervals. 

36. Chloride of Calcium. Stir powdered white marble into dilute 
chlorhydric acid until the acid is saturated, and dilute 1 part of the 
concentrated solution with 5 parts of water. 

37. Chloride of Barium. Dissolve 1 part, by weight, of the com- 
mercial salt in 10 parts of water. 

38. ** Nitrate of Barium. Dissolve 1 part, by weight, of the 
commercial salt in 15 parts of water. 

39. Acetate of Lead. Dissolve 1 part, by weight, of ** sugar of 
lead *' in 10 parts. of water. 

40. Lead-paper. Wet strips of white paper in a solution of 
acetate of lead, or better, in a solution of subacetate of lead, and dry 
them in air which is free from sulphuretted hydrogen. Cut the dried 
paper into slips as large as the little finger, and 'keep the slips in 
tightly stoppered bottles. Or, paper may be slightly moistened with 
a solution of acetate of lead at the moment of use. 

41. Sulphate of Magnesium and Chloride of Ammonium. Dis- 
solve 24.6 grammes of Epsom salt and 33 grammes of commercial 
chloride of ammonium in water, add some ammoniarwater to the 
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solution and dilute the liquor to the volume of a litre. If less than a 
litre of the reagent is required, the weights above given may, of 
course, be reduced in any desired proportion. Filter tiie solution to 
separate any precipitate of ferric hydrate or other insoluble matters, 
which may have been present as impurities in the components of the 
mixture, and preserve the clear liquid. 

From a solution thus prepared no hydrate of magnesium can be 
precipitated by ammonia-water; herein consists the advantage of 
the mixture as a test for phosphoric and arsenic acids. 

42. ** Nitrate of Cobalt, Dissolve 1 part, by weight, of the 
crystallized salt in 10 parts of water. 

43. ** Sulphate of Copper. Dissolve 1 part, by weight, of the 
crystalhzed salt (blue vitriol) in 10 parts of wate?*. 

44. ** Red Oxide of Mercury. The commercial oxide. It 
should leave no residue when heated upon platinum foil. 

45. ** Chloride of Mercury. Dissolve 1 part of " corrosive sub- 
limate "in 16 parts of water. 

46. ** Bichloride of Platinum. Cut a small quantity of worn-out 
platinum foil into very fine pieces and boil them in a porcelain dish, 
with successive small portions of aqua-regia (§ 5), until all the 
metal has been dissolved. Collect the several portions of aquarregia, 
partially saturated with platinum, in another dish, and evaporate the 
liquid to dryness on a water bath. Dissolve the residue in 10 parts 
of water for use. 

47. ** ^'Solution of Indigo^' ( Sulphindigotic Acid). Pour 5 
parts (5 grammes will be ample) of filming sulphuric acid into a 
beaker, place the latter in a dish of water to keep it cool, and stir 
into the acid, little by little, 1 part of finely powdered indigo. When 
all the indigo has been added to the acid, leave the mixture at rest 
for 48 hours; then pour it into 20 times its own volume of water, 
filter the mixture, and preserve the filtrate for use. 

48. Litmus Paper. Heat 1 part, by weight* of commercial 
litmus with 6 parts of water, upon a water bath for several hours, 
taking care to replace the water which evaporates. Filter, divide 
the filtrate into two equal portions, and stir one half repeatedly with a 
glass rod dipped in very dilute nitric acid, until the color appears dis- 
tinctly red. Pour the blue and red halves into a porcelain dish, and 
stir the mixture. Draw strips of fine unsized paper through the 
liquid, and hang them on cords to dry. The color of the paper thus 
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obtained is not blue but bluisb-violet. It turns blue when touched 
with an alkali, and red when exposed to acids, and may be used 
indifferently as a test for either acids or alkalies. 

49. Starch Paste should be prepared, when wanted for use, by 
boiling 30 cubic centimetres of water in a porcelain dish, and stirring 
into it half a gramme of starch which has previously been reduced to 
the consistence of cream by rubbing it in a mortar with a few drops 
of water. 

60. Water, Clean rain water will serve well enougli for most of 
the purposes of this manual. In granitic regions the water of many 
lakes, brooks and ponds also is nearly pure. Pure water may be 
obtained by melting blocks of compact ice, or by distilling ordinary 
water in glass or copper retorts and rejecting the first portions of the 
' distillate. It should yield no precipitate when tested with chloride 
of barium and nitrate of silver. 
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61. The implements required by the student of qualitative analysis 
are few and simple. Besides bottles for the reagents enumerated in 
the foregoing list, and a few small phials for the preservation of sam> 
pies of salts and mixtures to be analyzed, there will be needed : — 

A dozen test-tubes. A lamp. 

A wooden test-tube rack. A gas-bottle for generating sul- 

A test-tube brush. phuretted hydrogen. 

A nest of small beakers. A common jeweller's blow-pipe. 

2 or 3 glass stirrii^-rods. A pair of small iron pincers ( jew- 

3 small glass funnels. eller's tweezers). 

1 small glass flask. A piece of platinum foil. 

1 wash-bottle. A bit of platinum wire. 

2 small evaporating dishes. A few packages of cut filters or a 
1 porcelain crucible. quire of filter paper. 

1 triangle of iron- wire. A few corks or caoutchouc stoppers. 

An iron ring-stand. A piece of blue cobalt glass (see 

A filter-stand. . § 41). 
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52. Reagent Bottles, The bottles in which reagents are kept 
should be of cylindrical shape, and rather high than wide. They 
should be closed with glass stoppers which fit accurately, but are not 
very finely ground. The stoppers should have upright (not mush- 
room-shaped) heads. Most of the liquid reagents may be conveni- 
ently kept in narrow-mouthed bottles of the capacity of 6 fluid 
ounces; but to avoid the necessity of frequently refilling the bottles, 
it is well to keep the solutions most commonly employed — namely, 
dilute chlorhydric and nitric acids, caustic soda, ammonia- water, 
chloride of ammonium, and carbonate of ammonium, — in 8-ounce 
bottles. Care must be taken in this case to choose bottles of such 
shape that they can be readily grasped between the thumb and 
fingers. 

For the reagents which are to be kept in the dry state, wide- 
mouthed bottles of the capacity of 2 or 3 ounces should be chosen. 
Reagent bottles should always be made '* extra-heavy,*' since, from 
constant use, they are exposed to many blows. The lustrous *^ flint- 
glass '' bottles of American or English make are ill suited for the 
preservation of liquid reagents ; for such glass is easily attacked by 
many chemical agents, and is therefore likely to render the reagents 
impure. German bottles dre usually to be preferred. They are 
made of glass free from lead, have round shoulders and well-ground 
stoppers, and are ofben numbered both upon the bottle and the stop- 
per, so that the proper place of the latter can always be discovered. 
French bottles, though made of good glass and sold at a low price, 
have usually such square shoulders that it is well nigh impossible to 
empty them completely, and often diflicult to pour out a liquid fi?om 
them drop by drop. Their stoppers, moreover, are usually too finely 
ground, and are hence constantly liable to stick fast. 

Each reagent bottle should be kept in a particular place on shelves 
before the operator and convenient to his hand. Whenever a reagent 
is to be used, the bottle which contains it should be grasped in the 
right hand ; the stopper should be taken out by pinching it between 
the first and second fingers of the lefti hand, or by pressing it between 
the little finger and palm oi that hand. In either case, the bottle is 
withdrawn from the stopper, and not the stopper from the bottle. 
Neither bottle nor stopper should be put upon the table; the stopper 
should be held in the left hand as long as the bottle is open. When 
the reagent has been poured out, the bottle is immediately closed, 
and returned to its own place upon the shelf. If these apparently 
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trifling particulars are scrupulously attended to, no stopper can ever 
be misplaced, or soiled by contact with liquids or dirt on the table; 
and the bottle will always be found in its proper place when instinct- 
ively reached for. Moreover, the label on the bottle cannot be injured 
by drops of the reagent, since the liquid must necessarily be poured 
from the back, or blank, side of the bottle. 

63. When a stopper sticks tightly in the neck of a bottle, it may 
sometimes be loosened by pressing it first upon one side, and then 
upon the other, with the thumb of the right hand, while the fingers 
of that hand grip the bottle, and the bottle is held still with the left 
hand. Or the neck of the bottle may be immersed in hot water for a 
minute or two, to expand the glass outside the stopper. The stopper 
can then usually be taken out without trouble. The hot water may 
be conveniently applied by pouring a slow stream of it from a wash- 
bottle upon the neck of the bottle. Another way is to heat the neck 
of the bottle over a very small flame of the gas or alcohol lamp. No 
matter how the glass is heated, the bottle must be constantly turned 
round and round, in order that each side of the neck may be equally 
exposed to the heat and the risk of cracking the bottle so be lessened. 

64. Test'tvbes are little cylinders of thin glass with round thin 
bottoms and lips slightly flared. Their length may be from five to 
seven inches, and their diameter from one-half to three-fourths of an 
inch; they should never be so wide that the open end cannot be 
closed by the ball of the thumb. 

Test-tubes are used for heating small quantities of liquid over the 
gas or spirit-lamp ; they may generally be held by the upper end in 
the fingers without inconvenience ; but in case they become too hot to 
be held in this way, a strip of thick folded paper may be nipped 
round the tube, and grasped between the thumb and forefinger just 
outside the tube. 

Two precautions are invariably to be observed in heating test- 
tubes : — 1st. The outside of the tube must be wiped perfectly dry ; 
and 2d. The tube must be moved in and out of the flame for a minute 
or two when first heated. It should be roUed to and fro also to a 
slight extent between the thumb and forefinger, in order that each 
side of it may be equally exposed to the flame. A drop of water on 
'the outside of the tube keeps one spot cooler than the rest. The tube 
breaks, because its parts, being unequally heated, expand unequally, 
and tear apart« 

"V^en a liquid is boiling actively in a test-tube, it sometimes 
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happens that portions of the hot liquid are projected out of the tube 
with some force; the tube should therefore always be held in an 
inchned position, and the operator should be careful not to direct it 
towards himself, or towards any other person in his neighborhood. 

Test-tubes are cleaned by the aid of cylindrical brushes made of 
bristles caught between twisted wires, like those used for cleaning 
lamp-chimneys ; the brushes should have a round end of bristles. 

65. Test-tube Rack, Test-tubes are kept in a wooden rack, such 
as is represented in Figure 1. When in use, the tubes stand upright 
in the holes of the rack ; but clean tubes 
are inverted upon the pegs behind the 
holes, in order that they may be kept 
free from dust, and that the last por- 
tions of wash-water may drain away 
fit)m them after washing. Tie rack 
should be large enough to hold a dozen 
tubes. 

66. Flasks, Small Berlin flasks of 
two or three ounces capacity are well suited for the purposes of 
qualitative analysis. These German flasks are tough, capable of 
withstanding sudden changes of temperature, and 'durable, although 
their bottoms and sides have all the requisite thinness. When a 
liquid is to be boiled in a flask, the flask should be placed upon a 
support of wire-gauze (App., § 64), and sufficiently inclined to pre- 
vent any particles of the liquid from being thrown out of the neck 
by the movement of ebullition. 

As with test-tubes and all other glass or porcelain vessels of what- 
ever form, the outside of a flask must be wiped perfectly dry before 
exposing it to the lamp. The flame should be moved about also 
beneath the flask, at first, in order that the temperature of the latter 
may be raised equally and not too rapidly. 

67. Beakers are thin, flat-bottomed tumblers with a slightly flaring 
rim. They are bought in sets or nests. A nest in which the largest 
sized beaker has a capacity of about 6 ounces will be sufficient for the 
requirements of this work. 

68. Glass Funnels should be thin and light, and should be about 
2 or 2.5 inches in diameter. Their sides should incline at an angle 
of 60°. The wider the throat of the funnel the better. 

59. Filtering. Paper filters are employed in qualitative analysis 
to separate precipitates from the liquids in which they have been 
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formed. A good filtering-paper must be porous enough to filter rap- 
idly, and yet sufficiently close in texture to retain the finest powders; 
and it must also be strong enough to bear, when wet, the pressure of 
the liquid which is poured upon it. Filter-paper should never con- 
tain any gypsuni or other soluble material', and should leave only a 
small proportion of ash when burned. White or light-gray paper is to 
be preferred to colored, since it more commonly fulfils these require- 
ments. 

Filtering paper is commonly sold in sheets, which may be cut into 
circles of any desired diameters for use, according to the various 
scales of operation, and quantities of liquids to be filtered. Or pack- 
ages of ** cut-filters '' may be procured ready-made from the dealers 
in chemical wares. 

As a general rule, small filters should be employed in analytical 
operations ; the mixture to be filtered should be poured by small 
successive portions upon a filter no larger than is needed to hold 
the whole of the solid matter which is to be collected. Filters about 
three inches in diameter are well suited for most of the analytical 
operations described in this work, though there are many cases where 
• smaller filters are required, and a few instances in which filters as large 
as four inches in diameter might be necessary. 

There are two ready methods of preparing filtefs fornise. Accord- 
ing to the first method, shown in Fig. 2, a circle of paper is folded 

over on its own diameter, and 

the semicircle thus obtained is 

folded once upon itself into the 

form of a quadrant; the paper 

thus folded is opened so that 

three, thicknesses shall come 

upon one side, and one thick- 
ness upon the other, as shown 

in the upper half of Fig. 2 ; the 

filter is then placed in a glass 

funnel, the angle of which should 
be precisely that of the opened paper, viz., 60°. The paper may be so 
folded as to fit a funnel whose angle is more or less than 60°, but this 
is the most advantageous angle, and funnels should be selected with 
reference to their correctness in this respect. 

In the second method of folding filters, the circle of paper is 
doubled once upon itself as before into the form of a semicircle, and a 
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fold equal to one quarter of this semicircle is turned down on each 
side of the paper. Each of the quarter semicircles is then folded 
back upon itself, as shown in the lower half of Fig. 3 ; the filter is 
opened, without disturbing the folded portions, and placed in the 
funnel. Filtration can be rapidly effected with this kind of filters, 
for the projecting folds keep open passages between the Ifiher and 
the funnel, and thus facilitate the passage of the liquid. That por- 
tion of the circle of paper, which must necessarily be folded up in 
order to give the requisite conical form to a paper filter, retards 
filtration in the first manner of folding, but helps it in the second. 

A filter should always be moistened with water after it has been 
placed in the funnel, m order that the fibres of the paper may be 
swollen and the size of its pores diminished, before any of the matter 
to be filtered can pass into them. 

Coarse and rapid filtration, — as in the preparation of reagents, — 
can be effected with paper filters of large feize, or with cloth bags; 
also by plugging the neck of a funnel or leg of a syphon loosely with 
tow or cotton. If a very acid or very caustic liquid, which would 
destroy paper, cotton, tow, or wool, is to be filtered, the best sub- 
stances wherewith to plug the neck of the funnel are asbestos and 
gun-cotton, neither of which is attacked by such corrosive liquids. 

60. Filter-Stand. Filters less than two inches in 
diameter may be placed directly in the mouth of a ^* 

test-tube without need of even a funnel to support 
them ; and in general the funnel which holds a filter 
may be thrust directly into the mouth of a test-tube 
whenever the quantity of liquid to be filtered is small, 
if only an ample exit be provided for the air in the 
tube, in the manner shown with the })ottle of Fig. 4. 

But when the quantity of liquid to be filtered is 
comparatively large, or the operations to which the 
filtrate is to be subjected require that it should be col- 
lected in a beaker or porcelain dish, the funnel should have an inde- 
pendent support. The iron ring stand, described in § 64 of this 
Appendix, may be used for this purpose in case of need; but wooden 
stands of the form represented in Fig. 5, adapted expressly for hold- 
ing fimnels, are very convenient and not expensive. The horizontal 
bar which holds the fimnel may be fixed at any height on the vertical 
square rod by means of a wedged-shaped key, whose form is shown 
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in tlie figure. ' A fine-grained wood, which does not swell or shrink 
much, is desirable for filter-stands. 

In general, care should be t^en 
that the lower end of the funnel 
touch the side or edge of the 
vessel into which the filtrate de- 
scends, in order that the liquid 
may not fall in drops, but run 
quietly without splashing. 

61. Porcelain Dishes and Cru- 
cibles. Small open dishes which 
will bear heat without cracking, 
are much used for boiling and 
evaporating liquids. The best 
evaporating-dishes are those made 
of Berlin porcelain, glazed both 
inside and out, and provided with 
a little lip projecting beyond the 
rim. The dishes made of Meissen porcelain are not glazed on the 
outside, and are not so durable as those of Berlin manufacture; but 
they are much cheaper, and with proper care last a long time. 

The small Berlin dishes, Nos. " 00," "0,'' and » 1," are Well suited 
for all the requirements of this work. They will generally bear an 
evaporation to dryness and subsequent ignition over the open flame 
of a gas lamp, — as when ammonium salts are expelled from Class 
Vn. (§41), — but it is well to protect the dish somewhat by placing 
it upon a piece of wire-gauze, rather than to support it upon a simple 
triangle. The Meissen dishes do not so well endure an open flame. 
The cheaper kinds of evaporating dishes, made of " semi-porcelain,*' 
should never be subjected to this severe treatment; they are, for 
that matter, unfit for use in qualitative analysis. 

Very thin, highly glazed porcelain crucibles, with glazed covers, 
are made both at Berlin, and at Meissen near Dresden. In general 
the Meissen crucibles are thinner than the Berlin, but the Berlin 
crucibles are somewhat less liable to crack; both kinds are glazed 
inside and out, except on the outside of the bottom. The Berlin 
Nos. " 00 '* and '* 0,** respectively 1 1-4 and 1 1-2 inches in diameter, 
are best suited for the purposes of this manual. As the covers are 
much less Uable to be broken than the crucibles, it is advantageous to 
buy more crucibles than covers, whenever it is possible so to do. 
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Fig. 6. 




Fig. 7. 



Porcelain crucibles are supported over the lamp on an iron-wire 
triangle; they must always be gradually heated, and never brought 
suddenly in contact with any cold substance while they are hot. 

62. Lamps. The common spirit-lamp will be un- 
derstood without description from the figure (Fig. 6). 
When not actually lighted, the wick must be kept 
covered with the glass cap ; for, if the wick were ex- 
posed to the air, the alcohol in the spirit upon it 
would evaporate faster than the water, and the cotton 
would soon become water-soaked and incapable of be- 
ing lighted. 

Whenever gas can be obtained, gas-lamps are 
greatly to be preferred to the best spirit-lamps. For 
all ordinary uses, the gas-lamp known as Bunsen's burner may be 
employed. The cheapest and best construction of the lamp may be 
learned from the following description with the accompanying fig- 
ures. (Fig. 7.) The single cast- 
ing of brass ab comprises the tube 
h through which the gas enters, and 
the block a from which the gas es- 
capes by two or three fine vertical 
holes passing through the screw </, 
and issuing from the upper face of 
<Z, as shown at e. The length of 
the tube h is 4.5 c. m., and its out- 
side diameter varies from 0.5 c. m. 
at the outer end to 1 c. m. at the 
junction with the block a. The out- 
side diameter of the block a is 1.6 
c. m., and its outside height without the screws is 1.8 c. m. By 
the screw c, the piece ah is attached to the iron foot g^ which may be 
6 c. m.*in diameter. By the screw d, the brass tube / is attached to 
the casting ab. The diameter of the face e, and therefore the internal 
diameter of the tube /should be 8 m. m. The length of the tube / 
is 9 c. m. Through the wall of this tube, four holes 5 m. m. in diam- 
eter, are to be cut at such a height that the bottom of each hole will 
come 1 m. m. above the face e when the tube is screwed upon ah. 
These holes are of course opposite each other in pairs. The finished 
lamp is also shown in the figure. To the tube h a caoutchouc tube of 
5 to 7 m. m. internal diameter is attached; this flexible tube should be 
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about 1 m. long, and its other extremity should be connected with the 
gas-cock through the intervention of a short piece of brass gas-pipe 
screwed into the cock. 

In cases where a very small flame is required, as, for example, in 
evaporating small quantities of liquid, a piece of wire-gauze somewhat 
larger than the opening of the tube / should be laid across the top of 
the tube, and its projecting edges pressed down tightly against the 
side of the tube, before the lamp is lighted. In default of this pre- 
caution, the flame of a Bunsen's burner, when small and exppsed U> 
currents of air, is liable to pass down the tube, and ignite the gas 
at d. 

63. Blast-lamps and Blowers, Though well suited for all the 
ordinary operations of the laboratory, the lamps above described are 
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incapable of yielding a very intense 
heat. Hence, when the contents of 
a platinum crucible are to be fused 
or intensely heated, a blast-lamp will 
be found useful. The best form is 
that sold under the name of Bun- 
sen's Gas Blow-pipe. Its construc- 
tion and the method of using it may 
be learned from the accompanying 
figure ] ab is the pipe through which 
the gas enters, c is the tube for the 
blast of air ; the relation of the au*- 
tube to the external gas tube is 
shown at d ; there is an outer slid- 
ing tube by which the form and vol- 
ume of the flame can be regulated. 
If gas is not to be had, a lamp burning oil or naphtha may be 
employed. Figure 9 represents a common tin, glass-blower's lamp, 

suitable for burning oil. A large wick 
is essential, whether oil or naphtha be 
the combustible. 

For every blast-lamp a blowing- 
machine of some sort is necessary. 
To supply a constant blast it is essen- 
tial that the bellows be of that con- 
struction called double. Figures 10 
and 11 represent two forms of blowpipe-table ; their height is that of 
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Fig. 10. 



an ordinary table, from which dunension the other proportions may be 
inferred. A small double-acting bellows is now made for the use of 
dentists, which is available at any table by the help of a caoutchouc 
tube to conduct the blast to the jet. 
These bellows are too small to give a 
steady flame of large size, but will, nev- 
ertheless, answer for most of the glass- 
blowing necessary in the execution of the 
experiments described in this manual. 

Where an abundant supply of water is 
at command, the following blowing appa- 
ratus is very convenient. A tin pipe a h 
(Fig. 12)', about one metre long and 
about 13 m. m. in diameter, has two 
smaller pipes, 12 to 16 c. m. long, soldered 
into it ; these small pipes are 8 m. m. in 
diameter; one, c d, is inserted at right angles 12 c. m. from the end, 
the other, ef, .2.5 c. m. lower, at an angle of 45°. The lower end of 
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the tube passes through the cork of a wide-mouthed ten-litre bottle, 
extending rather more than half way down. Two glass tubes also pass 
through the cork of the bottle, — a short small tube g^ No. 4, (§ 70) 
which should reach some 16 c. m. above the cork, but should not 
project into the bottle, and a larger tube A, No. 2, extending to the 
bottom of the bottle. The outer end of the tube h bends over, and 
is connected by caoutchouc tubing with a straight tube of equal diam- 
eter. This last arrangement forms the siphon. To the tube g a 
caoutchouc tube, g t, is attached to convey the blast to any desired 
point. To produce a blast, the water-cOck is connected with the 
tube c dhy means of a caoutchouc tube. When the water is turned 
on, the caoutchouc tube g i is closed for a moment with the thumb 
and finger. This starts the water through the siphon, and imme- 
diately a continuous and powerful blast of air rushes out through the 
tube g I, and may be, carried directly to the blowpipe. The siphon 
must be capable of carrying off a larger stream of water than that 
which is allowed to enter, so that there shall never be more than 3 or 
4 c. m. of water in the bottle. By regulating the water-cock, the 
proper supply of water may be determined. 

The same apparatus may be used as an aspirator. When the in- 
strument is to be used to draw air through any apparatus, the tube g i 
is closed by inserting a glass rod ; the upper end of the tube a 6 is 
closed with a cork, and the tube € / is connected with the apparatus 
through which the current of air is to be drawn. The force of the 
current of air is to a certain degiree affected by the size of the tube 
ah; to diminish the effective calibre of this tube, in case a gentle 
cmrent of air 'is required, a glass rod as long as the tube may be 
passed down the tube through a cork inserted at a. The same appa- 
ratus may thus be made to produce a gentle or a powerful current 
of air. 

In default of a blast lamp, platinum crucibles may readily be ignited 
in a fire of coke or anthracite. To this end, place the tightly covered 
platinum crucible in a somewhat larger crucible of refractory clay or 
Hessian ware, and pack the space between the two crucibles tightly 
with calcined magnesia, so that the platinum may nowhere come in 
contact with the clay. Cover the coarse crucible, and place it, with 
its contents, in the coal fire, in such a manner that it may be 
gradually heated; finally, imbed the crucible in the glowing coals and 
urge the draught of the furnace for half an hour. The degree of heat, 
to which the contents of the platinum crucible may be exposed, in 
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this way, in an efficient fire, is really &r greater than that of the 
blast lamps above described; but the lamps are more convenient than 
the fire. 

The effect of a simple Bunsen's burner may be greatly increased, 
without the use of any blower, by surrounding its flame with a 
cylinder of fire clay, 3 inches in diameter by 4 or 6 inches high, and 
having walls at least 3-8 bf an inch thick. The crucible, or other body 
to be heated, is hung in the middle of this chimney, and is thus exposed 
not only to the direct heat of the flame, but also to the radiant heat 
from the clay walls which surround it. 

Where no gas is to be had, Fig. 18. 

an alcohol lamp with circular 
wick, of some one of the nu- 
merous forms sold under the 
name of Berzelius's Argand 
Spirit Lamp (Fig. 13), will be 
found useful. These argand 
lamps are usually mounted on 
a lamp-stand provided with 
three brass rings; but the fit- 
tings of these lamps are all 
made slender, in order not to 
carry off too much heat When 
it is necessary to heat heavy 
vessels, other supports must 
be used. 

64. Iron-stand, Tripod, Wire-gauze, and Triangle. To support 
vessels over the gas-lamp, an iron stand is used consisting of a stout 
vertical rod fastened into a heavy, cast-iron foot, and three iron ring^ 
of graduated sizes secured to the vertical rod with binding screws ; 
all the rings may be slipped off the rod, or any ring may be adjusted 
at any convenient elevation. The general arrangement is not unlike 
that of the stand which makes part* of the Berzelius lamp (Fig. 13), 
although simpler and cheaper. As a general rule, it is not best to 
apply the direct flame of the lamp to glass and porcelain vessels ; 
hence a piece of iron wire-gauze of medium fingiess is stretched 
loosely over the hu^est ring, and bent downwards a little for the 
reception of round-bottomed vessels ; on this gauze, flasks and porce- 
lain dishes are usually supported. Crucibles, or dishes, too small for 
the smallest ring belonging to the stand, are conveniently supported 
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* 
on an equilateral triangle made of three pieces Of soft iron wire 
twisted together at the apices ; this triangle is laid on one of the rings 
of the stand. An iron tripod, — that is, a stout ring supported on 
three legs, — may often be used instead of the stand above described, 
but it is not so generally useful because of the difficulty of adjusting- 
it at various heights ; with a sufficiency of wooden blocks wherewith 
to raise the lamp or the tripod as occasion may require, it may be 
made available. 

65. Water-bath and Sand-bath. It is often necessary to evaporate 
solutions, or to dry precipitates at a moderate temperature which can 
permanently be kept below a certain known limit; thus, when an 
aqueous solution is to be quietly evaporated without spirting or jump- 
ing, the temperature of the solution must never be suffered to rise 
above the boiiing-point of water, nor even quite to reach this point. 
This quiet evaporation is best effected by the use 
of a water-bath, — a copper cup whose top is made 
of concentric rings of different diameters to adapt 
it to dishes of various size (Fig. 14). This cmp, 
two-thirds full of water, is supported on the iron- 
etand over the lamp, and the dish containing the 
solution to be evaporated is placed on that one of 
the several rings which will permit the greater 
part of the dish to sink into the copper cup. The 
steam rising from the water impinges upon the bottom of the dish, 
and brings the liquid within it to a temperature which insures the 
evaporation of the water, but will not cause any actual ebulUtion. 
The water in the copper cup must njever be allowed to boil away. 
Wherever a constant supply of steam is at hand, as in buildings 
warmed by steam, the copper cup above described may be converted 
into a steam-bath by attaching it to a steam-pipe by means of a small 
tube provided with a stop-cock. 

A cheap but serviceable water-bath may be made from a quart 
milk-can, oil-can, tea-cannister, or any similarly shaped tin vessel, by 
inserting the stem of a glass funnel into the neck of the can through a 
well-fitting cork. In this funnel the dish containing the liquor to be 
evaporated rests. .The can contains the water, which is to be kept 
just boiling. On account of the shape of the funnel, dishes of various 
sisces can be used with the same apparatus. 

When a gradual and equable heat higher than can be obtained 
upon the water-bath is required, a sand-bath will sometimes be found 
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useful. A cheap and convenient sand-bath may be made by beatino- 
a, disk of thin sheet iron, about four inches in diameter, into the form 
of a saucer or shallow pan, and placing within it a small quantity of 
dry sand. The dish or flask to be heated is imbedded in the sand, 
and the apparatus placed upon a ring of the iron-stand over a 
gas-lamp. % 

66.. Blow-pipe. The cheapest and best form of mouth blow-pipe 
for chemical purposes is a tube of tin-plate, about 18 c. m. long, 2 
c. m. broad at oge end, and tapering to 
0.7 c^ m. at the other (Fig. 15) ; the ^'S- '^^ 

broad end is closed, and a little above '[~f 
this closed end a small cylindrical tube ! 

of brass about 5 c. m. long is soldered j ; • c:. :::--: .:;:7^~r~----^^ 
in at right angles ; this brass-tube is ! ; 'z.-.-,^r:^x- J-:-^-_: ) 
slightly conical at the end, and carries a 
small nozzle or tip, which may be made 
either of brass or platinum. The tip 
should, be drilled out of a* solid piece of 
metal, and should not be fastened upon 
the brass-tube with a screw. A trumpet- 
shaped mouth-piece of horn or box- wood 

is a convenient, though by no means essential, addition to this 
blow-pipe. 

The blowpipe may be used with a candle, with gas, or with any 
hand-lamp proper for burning oil, petroleum, or any of the so-called 
burning fluids, provided that the form of the lamp below the wick- 
holder is such as to permit the close approach of the object to be 
heated to theside of the wick. When a lamp is used, a wick about 
1.2 c. m. long and 0.5 c. m. broad is more convenient than a round or 
narrow wick ; a wick of this sort, though hardly so wide, is used in 
some of the open burning-fluid (naphtha) lamps now in common use. 
The wick-holder should be filed off on itis longer dimension a little 
obliquely, aYid the wick cuf parallel to the holder, in order that the 
blow-pipe flame maybe directed downwards when necessary (Fig. 16). 
A gas flame suitable for the blow-pipe is readily obtained by slipping 
a narrow brass-tube, open at both ends, into the tube / of Bunsen's 
burner. (See Fig. 7). This blow-pipe-tube must be long enough to 
close the air apertures in the tube /, and should be pinched together 
and filed oiF obliquely on top, as shown in Fig. 16; it may usually 
be obtained with the burner from dealers in chemical ware. 
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OXIDIZING AND REDUCING FLAMES. 
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Fig. 16. 



To use the mouth blow-pipe, place the open end of the tin tube 
between the lips, or, if the pipe is provided with a mouth-piece, press 
the trumpet-shaped mouth-piece against the lips; fill the mouth with 
air till the cheeks are widely distended, and insert the tip in the 
flame of a lamp or candle; close the communication between the 
lungs and the mouth, and force a current of air through the tube by 
squeezing the air in the mouth with .the muscles of the cheeks, 
breathing, in the meantime, regularly and quietly through the nostrils. 
The knack of blowing a steady stream for several^iinutes at a time, 
is readily acquired by a little practice. It will be at once observed 
that the appearance ^ of the flame varies considerably, according to 
the strength of the blast and the position of the jet with reference to 
the wick. 

When the jet of the blow-pipe is inserted into the middle of a' 
candle-flame, or is placed in the lamp-flame in the position shown in 

Fig. 16, and a strong blast 
is forced through the tube, 
a long, blue cone of flame, 
a by IB produced, beyond and 
outside of which stretches a 
more or less colored outer 
cone towards c. The point 
of greatest heat in this flame 
is at the point of the inner 
blue cone, because the com- 
bustible gases are there supplied with just the quantity of oxygea 
necessary to consume them, but between this point and the extremity 
of the flame the combustion is concentrated and intense. The greater 
part of the flame thus produced is oxidizing in its effect, and this flame 
is technically called the oxidizing flame. From the point a of the 
inner blue cone, the heat of the flame diminishes in both directions, 
towards &, on the one hand, and towards c on the other ; most sub- 
stances require the temperature to be found between a and c. Oxida- 
tion takes place most rapidly at, or just beyond, the point c of the 
flame, provided that the temperature at this point is high enough for 
the special substance to be heated. 

A flame of precisely the opposite chemical effect may be produced 
with the blow-pipe. To obtain a good reducing flame, it is necessary 
to place the tip of the blow-pipe, not within, but just outside of the 
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flame, and to blow rather over than through the middle of the flame 
(Fig. 17). In this manner^ the flame is less altered in ite general 
character than in the former 

case, the chief part consist- ^-^^^^ ^^- ^"• 

ing of a large, luminous cone, ^^^*--Zl!> 
containing a quantity of free (f ^^ 

carbon in a state of intense 
ignition, and just in the con- 
dition for taking up oxygen. 
This flame is, therefore, re- 
dticing in its. eflect, and is 
technically called the reduc- 
ing flame. The substance which is to be reduced by exposure to this 
flame, should be completely covered up by the luminous cone, so that 
contact with the air may be entirely avoided. It is to be observed 
that, whereas to produce an efiective oxidizing flame a strong blast of 
air is desirable, to get a good reducing flame, the operator should 
blow gently, with only enough force to divert the lamp-flame. 

Substances to be heated in the blow-pipe flame, are supported, 
sometimes on charcoal, and sometimes on platinum foil or wire, or in 
platinucQ spoons or forceps. Charcoal is especially suitable for a 
support in experiments of reduction. 

67, Platinum Foil and Wire, Pincers. A piece of platinum 
foil about 11-2 inches long and 1 inch wide will be sufficient. The 
foil should be at least so thick that it does not crinkle when wiped ; 
'and it is more economical to get foil which is too thick than too 
thin, for it requires frequent cleaning. To keep foil in good order it 
should be frequently scoured with fine moist sand, and in case the 
foil becomes wrinkled it may be burnished by placing it upon the 
bottom of an inverted agate qt porcelain mortar and rubbing it 
strongly with the pestle. 

A bit of platinum wire, not stouter than the wire of a small pin 
and about 3 inches long, will last a long time with careful usage. It 
may -be cfeaned by long-continued boiling in water. A small loop, 
about as large as this O, should be bent at each end of the wire. 

When platinum foil is to be heated it may be held at one end with 
a pair of the small steel pincers known as jewellers* tweezers. A 
piece of platinum wire, as long as the one above described, can be 
held in the fingers without inconvenience, for platinum is, compara- 
tively speaking, a bad conductor of heat. Pieces of wire, too short to 
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be held, may be made serviceable by thrusting one end of the wire 
into th(^end of a glass rod or closed tube which has been softened in 
the blow-pipe flame. 

68. Platinum Crucibles. For several of the operations of quanti- 
tative analysis as now practised, platinum crucibles are indispensable, 
and though not absolutely necessary for the profitable study of 
qualitative analysis, one of these vessels will often be found conven- 
ient by the student of the elements of analysis. It will be well, 
therefore, for the student, who proposes to continue his chemical 
stiidies beyond qualitative analysis, to procure a platinum crucible 
once for all. A crucible of the capacity of aboftt 20 cubic centi- 
metres will be large enough for most uses ; it should be cylindrical 
rather than flaring, and should be provided with a loose cover in the 
form of a shallow dish. 

No other metal, and no mixture of substances from which a metal 
can be reduced, must ever be heated in a platinum crucible, or upon 
platinum foil or wire, for platinum forms alloys with other metals, 
which are much more fusible than itself. If once alloyed with a baser 
metal, the platinum ceases to be applicable to its peculiar uses. 

Platinum may be cleaned by boiling it in either nitric or chlorhy- 
dric acid, by fusing acid sulphate of sodium upon it, or by scouring it 
with fine sand. Aqua-regia and chlorine- water dissolve platinum; the 
sulphides, cyanides, and hydrates of sodium and potassium, when 
fused in platinum vessels, slowly attack the metal. 

69. Wash-hotlle. A wash-bottle is a flask with a uniformly thin 
bottom closed with a sound cork or caoutchouc stopper through 
which pass two glass tubes, as shown in Fig. 18. 

The outer end of the longer tube, is drawn to a 
moderately fine point. A short bend near the bottom 
of this longer tube in the same plane and direction as 
the upper bend is of some use, because it enables the 
operator to empty the flask more completely by incHn- 
ing it. By blowing into the short tube, a stream of 
water will be driven out of the long tube 'with con- 
siderable force. This force with which the stream is 
projected adapts the apparatus to removing precipi- 
tates from the sides of vessels as well as to washing 
them on filtei:s. For use in analytical operations, it is 
often convenient to attach a caoutchouc- tube 12 or 15 
c. m. long to the tube through which the air is blown; 
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this flexible tube should be provided with a glass mouth-piece, con- 
sisting of a bit of glass tubing about 3 c. m. long. As the wash- 
bottle is often filled with "hot or even boiling water, it may be improved 
by binding about its neck a ring of cork, or winding the nock closely 
with smooth cord. It may then be handled without inconvenience, 
when hot- 

The method of making a wash-bottle is described in the follow- 
ing paragraphs. 

70. Glass tubing. Two qualities of glass tubing are used in chem- 
ical experiments, that which softens readily in the flame of a gas or 
spirit-lamp, and thiSt which fuses with extreme difficuky in the flame 
of the blast-lamp. These two qualities ar^ jiistinguished by -the 
terms soft and hard glass. Soft glass is to be preferred for all uses 
except the intense heating, or ignition, of dry substances. Fig. 19 
represents the common sizes of gla£?s tubing, both hard and soft, and 
shows also the proper thickness of the glass walls for each size. The 
numbers ranging from 4 to 8 are best suited for use in qualitative 
analysis. 

Fig. 19. 




71. Stirring Rods. Cut a short stick of glass rod, No. 8 or 7, into 
pieces four or five inches long (see the next paragi*aph), and round 
the sharp ends by fusion in the blow-pipe flame. # 

72. Cutting and cracking glass. Glass tubing and glass rod must 
generally be cut -to the length requiired for any particular apparatus. 
A sharp triangular file is used for this purpose. The stick of tubing, 
or rod, to be cut is laid upon a table, and a deep scratch is made with 
the file at the place where tlie fi:'acture is to be made. The stick is 
then grasped with the two hands, one on each side of the mark, 
while the thumbs are brought together just at the scratch. By 
pushing with the thumbs and pulling in the opposite direction with • 
the fingei-s, the stick is broken squarely at the scratch, just as a stick 
of candy or dry twig may be broken. Tlie sharp edges of the fracture 
should invariably be made smooth, either with a wet file, or by soften- 
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ing the end of the tube or rod in the lamp. (App., § 73). Tabes 
or rods of sizes four to eight inclusive may readily be cut in this 
manner; the larger sizes are divided with more 
^' . difficulty, and it is often necessary to make the 

file-mark both long and deep. An even fracture is 
not always to be obtained with large tubes. The 
lower ends of glass funnels, and those ends of gas 
delivery-tubes which enter the bottle or flask in 
which the gas is generated, should be filed off, or 
ground off on a grindstone, .obliquely (Fig. 20), to facilitate the drop- 
ping of liquids from such extremities. 

In order to cut gla^s«plates, the glazier's diamond must be resorted 
to. For the cutting of exceedingly thin glass tubes and of other glass 
ware, like flasks, retorts, and bottles, still other means are resorted to, 
based upon the sudden and unequal application of heat. The process 
divides itself into two parts, the producing of a crack in the required 
place, and the subsequent guiding of this crack in the desired direc- 
tion. To produce a crack, a scratch must be made with the file, ajid 
to this scratch a pointed bit of red-hot charcoal, or the jet of flame 
produced by the mouth blow-pipe, or a very fine gas-flatoe, or a red- 
hot glass-rod may be applied. If the heat does not produce a crack, 
a wet stick or file may be touched upon the hot spot. Upon any part 
of a glass surface except the edge, it is not possible to con^irol per- 
fectly the direction and extent of this first crack; at an edge a small 
crack may be started with tolerable certainty by carrying the file- 
mark entirely over the edge. To guide the crack thus started, a 
pointed bit of charcoal or slow-match may be used. The hot point 
must be kept on the glass from 1 c. m. to 0.5 c. m. in advance of the 
point of the^rack. The crack will follow the hot point, and may 
therefore be carried in any desired direction. By turning and blow- 
ing upon the coal or slow-match, the point may be kept sufficiently- 
hot. Whenever the place of experiment is supplied with common 
illuminating gas, a very small jet of burning gas may be advanta- 
geously substituted for the hot coal or slow match. To obtain such a 
sharp jet, a piece of hard glass tube. No. 5, 10 c. m. long, and drawn 
to a very fine point (App., § 73), should be placed in the caoutchouc 
tube which ordinarily delivers the gas to the gas-lamp, and the gas 
should be lighted at the fine extremity. The burning jet should have 
a fine point, and should not exceed 1.5 c. m. in length. By a judi- 
cious use of these simple tools, broken tubes, beakers, flasks, retorts. 
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and bottles may often be made to yield very useful articles of appa- 
ratus. No sharp edges should be allowed to remain upon glass 
apparatus. The durability of the apparatus itself, and of the corks 
and caoutchouc stoppers and tubing used yrith it, will be much greater, 
if all sharp edges are removed with the file, or, still better, rounded 
in the lamp. 

73. Bending and closing glass tubes. Tubing of sizes four to eight 
inclusive can generally be worked in the common gas or spirit-lamp ; 
for larger tubes the blast-lamp is necessary. (App., § 63.) Glass 
tubing must not be introduced suddenly into the hottest part of the 
flame, lest it crack. Neither should a hot tube be taken from the 
flame and laid at once upon a cold surface. Gradual heating and 
gradual cooling are alike necessary, and are the more essential the 
thicker the glass ; very thin glass will sometimes bear the most 
sudden changes of temperature, but thick glass and glass of uneven 
thickness absolutely require slow heating and annealing. When the 
end of a tube is to be heated, as in rounding sharp edges, more care 
is required in consequence of the great facility with which cracks start 
at an edge. A tube should, therefore, always be brought first into 
the current of hot air beyond the actual flame of the gas or spirit- 
lamp, and there thoroughly warmed, before it is introduced into the 
flame itself. If a blast-lamp is employed, the tube may be warmed in 
the smoky flame, before the blast is turned on, and may subsequently 
be annealed in the same manner; the deposited soot will be burnt off* 
in the first instance, and in the last, may' be wiped off* when the tube 
is cold. In heating a tube, whether for bending, drawing, or closing, 
the tube must be constantly turned between the fingers, and also 
moved a little to the right and left, in order that it may be uniformly 
heated all round, and that the temperature of the neighboring parts 
may be duly raised. If a tube, or rod, is to be heated at any part 
but an end, it should be held between the thumb and first two fingers 
of each hand in such a manner that the hands shall be below the^ 
tube or rodj with the palms upward, while the lamp-flame is between 
the hands. When the end of a tube or rod is to be heated, it is best 
to begin by warming the tube or rod about 2 c. m. from the end, and 
from thence to proceed slowly to the. end. 

The best glass will not be blackened or discolored during heating. 
Blackening occurs in glass which, like ordinary flint, glass, contains 
oxide of lead as ail ingredient. Glass containing much of this oxide 
is not well adapted for chemical uses. The blackening may some- 
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times be removed by putting the glass in the upper or outer part of 
the flame, where the reducing gases are consumed, and the air has the 
best access to the glass. The blackening may be altogether avoided 
by always keeping the glass in the oxidizing part of the flame. 

Glass begins to soften and bend below a visible red heat. The 
condition of the glass is judged of as much by the fingers as the eye; 
the hands feel the yielding of the glass, either to bending, pushing, or 
pulling, better than the eye can see the change of color or form. It 
may be bent as soon as it yields in the hands, but can be drawn out 
only when much hotter than this. Glass tubing, however, should not 
be bent at too low a temperature; the curves made at too low a heat 
are apt to be flattened, of unequal thickness on the convex and con- 
cave sides, and brittle. 

In bending tubing to make gas-delivery tubes and the like, atten- 
tion should be patd to the following points: 1st, the glass should be 
equally hot on all sides; 2d, it should not be twisted, pulled out, or 
pushed together during the heating; 3d, the bore of the tube at the 
bend should be kept round, and not altered in size; 4th, if two or 
more bends be made in the same piece of tubing (Fig. 21, a), they 
should all be in the same plane, so that the finished tube will lie flat 
upon the level table. 

When a tube or rod is to be bent or drawn 

Fig- 21. close to its extremity, a temporary handle 

/^::>. /p" ^^ may be attached to it by softening the end 

£> I of the tube or rod, and pressing against the 

soft glass a fragment of glass tube, which will 
'.J adhere strongly to the softened end. The 
handle may subsequently be removed by a 
a slight blow, or by the aid of a file. If a considerable bend is to be 
made, so that the angle between the arms will be very small or 
nothing, as in a syj)lion, for example, the curvature cannot be well 
produced at one place in the tube, but should be made by heating, 
progressively, several centimetres of the tube, and bending contin- 
uously from one end of the heated portion to the other (Fig. 21 b). 
Small and thick tube may be bent more sharply than large or thin 
tube. 

In order to draw a glass tube down to a finer bore, it is simply 
necessary to thoroughly soften on all sides one or two centimetres' 
length of the 'tube, and then taking the glass from the flame, pull the 
parts asunder by a cautious movement 6f the hands. The larger the 
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heated portion of glassy the longer will be the tube thus formed. 
Its length and fineness also increase with the rapidity of motion of the 
hands. If it is desirable that the finer tube should have thicker walls 
in proportion to its bore than the original tube, it is only necessary to 
keep the heated portion soft for two or three minutes before drawing 
out the tube, pressing the parts slightly together the while. By this 
process the glass will be thickened at the hot ring. 

To obtain a tube closed at one end, it is best to take a piece of 
tubing, open at both ends, and long enough to make two closed tubes. 
In the middle of the tube a ring of glass, narrow as possible, must be 
made thoroughly soft. The hands are then separated a little, to cause 
a contraction in diameter at the hot and 
soft part. The point of the flame must now ^^^- ^• 

be directed, not upon the narrowest part of 
the tube, but upon what is to be the bottom 
of the closed tube. This point is indicated 
by the line a in Fig. 22. By withdrawing 
the iright hand, the narrow part of the tube 
is attenuated, aud finally melted ofi*, leaving both halves of the 
original tube closed at one end, but not of the same form; the right- 
hand half is drawn out into a long point, the other is more roundly 
closed. It is not possible to close handsomely the two pieces at once. 
The tube is seldom perfectly finished by the operation ; a superfluous 
knob of glass generally remains upon the end. If small, it may be 
got rid of by heating the whole end of the tube, and blowing moder- 
ately with the mouth into the open end. The knob, being hotter, 
and therefore softer than any other part, yields to the pressure from 
within, spreads out and disappears. If the knob is large, it may be 
cut off" with scissors while red-hot, or drawn off by sticking to it a 
fi-agment of tube, and then softening the glass above the junction. 
The same process may be applied to the too pointed end of the right- 
hand half (fr the original tube, or to any misshapen result of an 
unsuccessful attempt to close a tube, or to any bit of tube which is too 
short to make two closed tubes. When the closed end of a tube is 
too thin, it may be strengthened by keeping the whole end at a red 
heat for two or three minutes, turning the tube constantly between 
the fingers. It may be said in general of all the preceding operations 
before the lamp, that success depends on keeping the tube to be 
heated in constant rotation, in order to secure a uniform tempera- 
ture on all sides of the tube. 
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74. Blowing Bulbs. Bulb-tubes, like the one represented in Fig. 
23, are employed for reducing substances capable of forming sub- 
y. 28 limates upon the cold walls of the 

tube. They are readily made from 
bits of tubing, in the flame of Bun- 
sen's burner, or in the common * 
blow-pipe flame. 

If the bulb desired is large in 
proportion to the size of the tube on 
which it is to be made, the walls of the tube must be thickened by 
rotation in the flame before the bulb can be blown. The thickened 
portion of glass is then to be heated to a cherry-red, suddenly with- 
drawn from the flame, and expanded while hot by steadily blowing, 
or rather pressing air, into the tube with the mouth ; the tube must be 
constantly turned on its axis, not only while in the flame, but also 
while the bulb is being blown. If too strong or too sudden a pressure 
be exerted with the mouth, the bulb will be extremely thin and quite 
useless. By watching the expanding glass, the proper moment for 
arresting the pressure may usually be determined. If the bulb 
obtained be not large enough, it may he reheated and enlarged by 
blowing into it again, provided that a sufficient thickness of glass 
remain. 

if a bulb is to be blown in the middle of a piece of tubing, the 
thickening is effected by gently pressing the ends of the tube together 
while the glass is red-hot in the place where the bulb is to be; if a 
large bulb is to be placed at the end of a tube, this end is flrst closed, 
and then suitably thickened by pressing the hot glass up with a piece 
of metal until enough has been accumulated at the end. 

It is sometimes necessary to make a hxAe in the side of a tube or 
other thin glass apparatus. This may be done by directing a pointed 
flame from the blast-lamp upon the place where the hole is to be, 
until a small spot is red-hot, and then blowing forcibly iAo one end 
of the tube while the other end is closed by the flnger; at the hot spot 
the glass is blown oat into a thin bubble, which bursts or may be easily 
broken off, leaving an aperture in the side of tlie tube. 

It is hoped that these few directions will enable the attentive 
student to perform, sufficiently well, all the manipulations with glass 
tubes which the experiments described in this manual require. Much 
practice will alone give a perfect mastery of the details of glass- 
blowing. 
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76. Caoutchouc, Vulcanized caoutchouc is a most' useful sub- 
stance in the laboratdty, on account of its elasticity and because it 
resists so well most of the corrosive substanges with which the chemist 
deals. It is used in three forms: (1), in tubing of various diameters 
comparable with the sizes of glass tubing; (2), in stoppers of various 
sizes to replace corks; (3), in sheets. Caoutchouc tubing may be 
used to conduct all gases and liquids which do not corrode its sub- 
stance, provided that the pressure under which the gas or liquid 
flows be not greater, or their temperature higher, than the texture of 
the tubing can endure. The flexibility of the tubing is a very obvious 
advantage in a great variety of cases. Short pieces of such tubing, a 
few centimetres in length, are much used, under the name of con- 
nectors, to make flexible joints in apparatus, of which glass tubing 
forms part; flexible joints add greatly to the durability of such appar- 
atus, because long glass tubes bent at several angles and connected 
with heavy objects, like globes, bottles or flasks full of liquid, are 
almost certmn to break even with the most careful usage; gas delivery- 
tubes, and all considerable lengths of glass tubing should invariably 
be divided at one or more places, and the pieces joined again with 
caoutchouc connectors. The end^ of glass tubing to be thus connect- 
ed should be squarely cut, and then rounded in the lamp, in order 
that no sharp edges may cut the caoutchouc; the internal diameter of 
the caoutchouc tube must be a httle smaller than the external diam- 
eter of the glass tubes; the silipping on of the connector is facilitated 
by wetting the glass. In some cases of delicate quantitative manipu- 
lations, in which the tightest possible joints must be secured, the 
caoutchouc connector is bound on to the glass tube with a silk or 
smooth linen string; the string is passed as tightly as possible twice 
round the connector and tied with a square knot; the string should 
be moistened in order to prevent it from slipping while the knot is 
tying. 

Caoutchouc stoppers of good quality are much more durable than 
corks, and are in every respect to be preferred. The German stop- 
pers are of excellent shape and quality; the American, being chiefly 
intended for wine bottles, are apt to be too conical. Caoutchouc 
stoppers can be bored, hke corks (see the next section), by means of 
suitable, cutters, and glass tubes can be fitted into the holes thus i^jiade 
with a tightness unattainable with corks. German stoppers may be 
bought aheady provided with one, two, and three holes. It is not 
well to lay in a large stock of caoutchouc stoppers, for though they 
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last a long time when in constant use, they not infi^quently deterio- 
rate when kept in store, becoming hard and somewhat brittle with age. 
These stoppers must not he confounded with the very inferior caps 
which were in use a few years ago. 

Pieces of thin sheet caoutchouc are very conveniently used for 
making tight joints between large tubes of two different sizes, or 
between the neck of a flask, or bottle, and a large tube which enters 
it, or between the neck of a retort and the receiver into which it 
enters. A sufficiently broad and long piece of sheet caoutchouc is 
considerably stretched, wrapped tightly over the glass parts adjoining 
the aperture to be closed, and secured in place by a string woimd 
closely about it and tied with a square knot. 

76. Corks. It is often very difficult to obtain sound, elastic corks 
of fine grain and of size suitable for large flasks and wide-mouthed 
bottles. On this account, bottles with mouths not too large to be 
closed with a cork cut across the grain, should be chosen for chemical 
uses, in preference to bottles which require large corks or bungs cut 
with the grain, and therefore offering continuous channels for the 
passage of gases, or even liquids. The kinds sold as champagne corks 
and as satin corks for phials are suitable for chemical use. The best 
corks generally need to be softened before using; this softening may 
be effected by rolling the cork under a board upon the table, or under 
the foot upon the clean floor, or by gently squeezing it on all sides 
with the well-known tool expressly adapted for this purpose, and 
thence called a cork-squeezer. Steaming also sotlens the hardest 
corks. 

Corks must often be cut with cleanness and precision; a sharp, thin 
knife, such as shoemakers use, is desirable for this purpose. When a 
cork 'has been pared down to reduce its diameter, a flat file may be 
employed in finishing; the file must be fine enough to leave a smooth 
, surface upon the cork; in filing a cork, a cylindrical, not a conical 
form should be aimed at. 

In boring holes through corks to receive glass tubes, a hollow cylin- 
der of sheet brass sharpened at one end is a very convenient tool. 
Fig. 24 represents a set of such Httle cylinders of graduated sizes, 
slipping one within the other into a very compact form; a stout wire, 
of th^same length as the cylinders, accompanies the set, and serves a 
double purpose, — passed transversely through two holes in the cap 
which terminates each cylinder, it gives the hand a better grasp of 
the tool while penetrating the cork; and when the hole is made, the 
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Fig. 24. 




wire thrust through an opening in the top of the cap expels the little 
cylinder of cork which else would remain in the cutting cylinder of 
brass. That cutter, whose diameter is next below that of the glass 
tube to be inserted in tjie cork, is always. to be selected, and if the 
hole it makes is too small, a round file must be used to enlaige the 
aperture; .the round fOie, also, often comes in 
play to smooth the rough sides of a hole made 
by a dull cork-borer. A pair of small calipers 
is a very convenient, though by no means es- 
sential, tool in determining which size of cutter 
to employ. A flask which presents sharp or 
rough edges at the mouth can seldom be tightly 
corked, for the cork cannot be introduced into 
the neck without being cut or roughened; such 
sharp edges must be rouj^ded in the lamp. In 
thrusting glass tubes through bored corks, the 
following directions are to be observed: (1.) 
The end of the tube must not present a sharp 
edge capable of cutting the cork. (2.) The 
tube should be grasped very close to the cork, 
in order to escape cutting the hand which holds the cork» should the 
tube break; by observing this precaution, the chief cause of breakage, 
viz., irregular lateral pressure, will be at the same time avoided. (3.) 
A funnel-tube yust never be hel4 by the funnel in driving it through 
a cork, nor a bent tube grasped at the bend, unless the bend comes 
inunediately above the cork. (4.) If the tube goe very hard through 
the cork, the application of a little soap and water will facilitate its 
passage, but if soap is used, the tube can seldom be withdrawn from 
the cork after the latter has become dry. (5.) The tube must not be 
pushed straight into the cork, but screwed in,^ as it were, with a slow 
rotary as well as onward motion. Joints m^de with corks should 
always be tested before the apparatus is used by blowing into the 
apparatus, and at the same time stopping up all legitimate outlets. 
Any leakage is revealed by the disappearance of the pressure created. 
To the same end, air may be sucked out of an apparatus and its tight- 
ness proved by the permanence of the partial vacuum. To attempt 
to use a leaky cork is generally to w^te time and labor, and to insure 
the failure of the experiment. 
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77. GaS'hottle. Figure 26 represents a gas-bottle fitted for evolv- 
ing sulphuretted hydrogen, carbonic acid, and other gases which can 
be prepared without heat. A straight glass 
tube of convenient length is slipped into the 
caoutchouc connector at the right to cany the 
gas into the solution to be tested. The neck of 
the bottle should be rather narrow, since it is 
difficult to obtain tight stoppers for bottles with 
wide mouths, but must nevertheless be wide 
enough to admit a cork, or better a caoutchouc 
stopper, capable of carrying both the delivery 
and the thistle tubes. 

To prepare, for example, sulphuretted hydro- 
gen gas, put a tablespoonful of fragments of 
sulphide of iron in the bottom of the bottle, 
replace the cork with its tubes, and press, or 
rather twist, it tightly into the neck of the bottl^; pour in enough 
water through the thistle tube to seal the lower end of that tube, and 
finally as much concentrated sulphuric acid as would be equal to a 
tenth or a twelfth of the volume of the water. 

At the start it is well thus to mix strong acid with the water in the 
bottle, for the heat generated by the union of the two Uquids serves 
to warm the apparatus, and to facilitate the decomposition of the 
sulphide of iron; but it must be remembered that#trong sulphuric 
acid is by itself unfit fi)r generating sulphuretted hydrogen, and that 
the evolution of gas would be checked if much of it were added. 
When the flow of gas ceases, pour a small portion of dilute sulphuric 
acid into the thistle tube, and repeat this operation as ofben as may 
be necessary to maintain a constant stream of gas. Dilute acid fit for 
this purpose may be prepared by mixing 1 volume of strong sulphuric 
acid with 14 volumes of water; — ^the water should be well stirred and 
the acid poured into it in a fine stream. 

In precipitating the members of Glasses 11. and III. with sulphur- 
etted hydrogen, the gas delivery-tube should not dip deeper than 
about an inch beneath the surface of the liquid in the beaker. A 
rapid current of gas is useless and wastefiil. The best method of 
operating is to pour dilute sulphuric acid into the thistle tube in Such 
quantity that the bubbles of gas may follow one another slowly 
enough to be counted without effort. 
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Fig. 26. 




78. Self-regulatinfi Gas-generator. An apparatus which is al- 
aays ready to deliver « constant stream of sulphuretted hydrogen, 
wnd yet does not generate the gas except when it is immediately 
wanted for use, is a great convenience in an active laboratory. The 
same remark applies to the two gases, 
hydrc^en and carbonic acid, which are 
likewise used in considerable quantities 
in quantitative analysis, and which can be 
. conveniently generated in precisely the 
same form of apparatus which is advan- 
tageous for sulphuretted hydrogen. Such 
a generator may be made of divers dimen- 
sions. The following directions, with the 
accompanying figure (Fig. 26), will ena- 
ble the student to construct an apparatus 
of convenient size. Procure a glass cylin- 
der 20 or 25 c. m. in diameter and 30 or 
35 c. m. high; ribbed candy jars are some- 
times to be had of about this size; procure 
also a stout tubulated bell-glass 10 or 12 

c. m. wide and 5 or 7 c. m. shorter than the cylinder. Get a basket 
of sheet-lead 7.5 c. m. deep and 2.5 c. m. narrower than the beU- 
glass, and bore a number of small holes in the sides and bottom of 
this basket. Cast a circular plate of lead 7 m. m. thick and of a 
diameter 4 c. m. larger than that of the glass cylinder; on what is 
intended for its under side solder three equidistant leaden strips, or a 
continuous ring of lead, to keep the plate in proper position as a cover 
for the cylinder. Fit tightly to each end of a good brass gas-cock a 
piece of brass tube 8 c. m. long, 1.5 to 2 c. m. wide, and 'stout in 
metal. Perforate the centre of the leaden plate, so that one of thes^ 
tubes will snugly pass through the orifice, and secure it by solder) 
leaving 5 c. m. of the tube projecting below the plate. Attach to 
the lower end of this tube a stout hook on which to hang the leaden 
basket. By means of a sound cork and common sealing-wax, or a 
cement made of oil mixed with red and white lead, fasten this tube 
into the tubulature of the bell-glass air-tight, and so firmly that the 
foint will bear a weight of several pounds. Hang the basket by means 
of copper wire within the bell 5 c. m. above the bottom of the latter. . 
To the tube which extends above the stop-cock attach by a good cork 
the neck of a tubulated receiver of 100 or 150 c. c. capacity, the inte- 
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rior of which has been loosely stuffed with cotton. Into the second 
tubulature of the receiver fit tightly the delivery-tube carrying a 
caoutchouc connector ; into this connector can be fitted a tube 
adapted to convey the gas in any desired direction. When many- 
persons use the same generator, each person must bring his own tube. 

To charge the apparatus, fill the cylinder with dilute acid to within 
10 or 12 c. m. of the top, fill the basket with fragments of sulphide of 
iron, hang the basket in the bell, and put the bell-glass full of air into 
its place with the stop-cock closed. On opening the cock, the weight ' 
of the acid expels the air from the bell, the acid cctnes in co^itact 
with the solid in the basket, and a steady supply of gas is generated 
until either the acid is saturated or the solid dissolved; if the cock be 
closed, the gas accumulates in the bell, and pushes the acid below 
the basket so that all action ceases. In cold weather the apparatus 
must be kept in a warm place. For generating sulphuretted hydro- 
gen, sulphuric acid diluted with fourteen parts of water is used; for 
hydrogen, zinc and sulphuric acid diluted with four or five parts of 
water; while for carbonic acid, chalk atid muriatic acid diluted with 
two or three parts of water, should be taken. 

79. Mortars, Whenever the substance to be analyzed occiffs in 
the form of large pieces or coarse powder, it should, as a general rule, 
be pulverized by mechanical means before subjecting i to the action 
of solvents. Mortars of iron, steel, agate or porcelain are used for 
this purpose, according to the character of the substance to be 
powdered. 

An iron mortar is useful for coarse work and for effecting the first 
rough breaking up of substances which are subsequently powdered in 
the agate or porcelain mortar. If there be any risk of fragments 
being thrown out of the mortar, it should be covered with a cloth or 
piece of stiff paper, having a hole in the middle through which the 
pestle may be passed. Instead of the common iron mortar, a small 
steel mortar, of the kind called diamond mortars by dealers in chemi- 
cal ware, may be used for crushing minerals. Pieces of stone, 
minerals, and lumps of brittle metals may be safely broken into frag- 
ments suitable for the 'mortar by wrapping them in strong paper, 
laying thfem so enclosed upon an anvil and striking them with a 
heavy hammer. The paper envelope retains the brdcen particles 
which might otherwise fly about in a dangerous manner, and be loert. 

The best porcelain mortars are those known by the name of Wedge- 
wood- ware, but there are many cheaper substitutes. Porcelain mor- 



'§ 80 SPATULiE. 37 

tars will not bear sharp and heavy blows; they are intended rather 
for grinding or triturating saline substances than for hammering; the 
pestle may either be formed of one piece of porcelain, or a piece of 
porcelain cemented to a wooden handle; the latter is the less desirable 
form of pestle. Unglazed porcelain mortars are to be preferred. In 
selecting mortars, the following points should be attended to, — 1st, 
the mortar should not be porous; it ought not to absorb strong acids 
or any colored fluid, even if such liquids be allowed to stand for hours 
in the mortar; 2d, it should be very hard, and its pestle should be of 
the same hardness; 3d, it should be sound | 4th, it should have a lip 
for the convenience of pouriug out liquids and fine powders. As a 
rule, porcelain mortars will not endure sudden changes of tempera- 
ture. They may be cleaned by rubbing in them a little sand soaked 
in nitric or sulphuric acid, or if acids are not appropriate, in 
caustic soda. 

Agate mortars are only intended for trituration; a blow would 
break them. They are exceedingly hard, and impermeable. The 
material is so precious and so hard to work, that agate mortars are 
always small. The pestles are generally inconveniently short, — a 
difficulty which may be remedied by fitting the agate pestle into a 
wooden handle. 

In all grinding operations in mortars, whether of porcelain or agate^ 
it is expedient to put only a small quantity of the substance to be 
powdered into the mortar at once. The operation of powdering will 
be facilitated by sifting the matter as fast as it is powdered, returning 
to the mortar the particles which are too large to pass through the 
sieve. 

80. Spatulce. For transferring substances in powder, or in small 
grains or crystals, firom one vessel to another, spatulae and scoops 
made of horn or bone are convenient tools. A coarse bone paper- 
knife makes a good spatula for laboratory use. Cards, free fix)m glaze 
and enamel, are excellent substitutes for spatulae. 
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presence of indicated, 24^ 
Cork-cutters, A., 32. 
Corks, A., 82. 

to force tubes through. A., 83. 
Cyanide of mercury, to detect cyano- 
gen in, 64. 
Cyanide of potassium, as reagent, A., 

6. 
Cyanides, tests for, 60, 61, 68. 
Cyanogen, tests for, 63, 78. 

Deflagration, 96. 

Dij^osphate of sodium, as reagent, A., 

4. 
Dissolving in acids, 86. 
in water, 82. 

Effervescence, what it indicates,62. 
Elements, identified by compounds, 2. 
Elements, 84 treated of, 1. 
Etching glass, a test for fluorine, 70. 
EvaporaUng test, applied to a liquid, 
101. 

Ferri- and Ferro-cyanides of po- 
tassium, as reagents, A., 6. 
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Filtering, A., 11. 

Filter-stand, A., 18. 

Flasks, A., 11. 

Fluoride of silicon, a test for flnorine 

and silicon, 70. 
Fluorides, tests for, 70. 
Fluorine, " . " 70. 
Fluorine, to be sought in an insoluble 

naineral, 92. 
Folding filtdrs, A., 12. 
Funnels, A., 11. 

Fused minerals, how treated, 98. 
Fusion with acid sulphate of sodium, 
95. 
with CaCOs and NH4CI, 96. 
with carbonate of sodium, 98. 
Fusions in platinum crucibles, A., 16. 

Gas-bottle, A., 84.. 
Gas-generator, self-regulating, A., 85. 
General reagent, defined, 6. 
General reagents for acids, 66. 
General reagents to be used in a cer- 
tain order, 13. 
Glass, bending and closing tubes, A., 
27. 
cutting and cracking it, A., 25. 
tubing, A., 26. ' 

Gold dobule. described, 80, 81. 
msolubie in HNO3, 98. 
" a member of Class III., 9, 80. 
presence of indicated, 81. 
purple of Cassius test for, 99. 

Hydrogen, its presence inferred, 62. 
Hyponitric acid, 77. 
Hyposulphites, tests for« 66. - 

Indigo solution, how prepared, A., 

7. 
Insoluble substances, 89. 
Iodides, tests for, 72. 
Iodine, tests for, 72. 
lodo-starch paper, A., 6. 
Iron, discrimination between ferrous 

and ferric salts, 87. 
Iron, to be converted into ferric salt- 

87. 
Iron, a member of Class IV., 10, 81. 

precipitated as hydrate, 10, 81. 

presence of indicated, 88. 

Prussian blue test for, 84. 

reaction in borax bead, 92. 
Iron stand, A., 19. 

Labelling, importance of, 7. 

Lamps, A., 16. 

Lead, belongs to two classes, 9. 

see chloride of. 

globule described, 80, 81. 



Lead a member of Class I., 6, IB. 
" " " II.,9,18. 
paper, how prepared. A., 6. 
precipitated as sulphide, 9, 18. 
precipitation of as chloride, 16. 
precipitation of as sulphate, 16, 

20. 
presence of indicated, 28. 
the sulphate changed to chro- 
mate, 20. 
Lime-water, as reagent, A., 6. 
Liquids to be tested with litmus, 101. 
Litmus paper, how prepared, A., 7. 

Magnesium, as member of Class VH., 

12, 49. 
Magnesium, precipitated as phosphate 
ofMgand(NH4),18,60. 
separation as oxide, 51. 
Manganate of sodium, 84. 
Manganese, confirmatory test for, 40. 
green inanganate test for, 

84. 
precipitated with Class 

IV., 82. 
precipitation of, as hy- 
drate, 40. 
presence of indicated, 44. 
Metallic elements, 7 classed of, 14, 53. 
globules described, 80. 
globulos tested in oxidizing 
flame. 81. 
Metals, action or HNOs on, 98. 

used in the arts, 97. 
Mercurous chloride, reaction with am- 
moniac-water, 17. 
Mercury, belongs to^two classes, 9. 

compounds as sublimates, 78.* 
a member of Class I.. 6, 17. . 
« " " " II., 9, 18. 
precipitation as subchloride, 

16. 
presence of indicated, 28. 
reduction of the metal in a 

closed tube, 17. 
reduction of the metal on 

copper, 19. 
separation as sulphide, 9, 19. 
as a sublimate, 78. 
Molybdate of ammonium, a test for 

'phosphates, 67. 
Molybdate of ammonium, as reagent, 

how prepared. A., 8. 
Mortars, A., 86. 

Neutral solutions, 84. 
Nickel, blowpipe test for, 41. 

a memoer of Class V., 11, 40. 

precipitated as cyanide, 42. 
f' "sulphide, 11,40. 



KicM, present of indicated, 44. 
Nitrate of ammonlTiin, as reagent, A., 

Nitrate of barium, as reagent. A., 6. 

wlien neea. 68. 
Nitrate of eobalt, as reagent, A., 7. 
Nitrate of potassium, as reagent, A., 6. 
Nitrate of silver, as reagent, A., 6. 
Mtrates, tests for, 72. 
Nitric acid, action on metals, 98. 

dilate, as reaj^nt, A., S. 
how expelled, 49. 
strong, as reagent, A^ 1. 
tests for, 72. 

when to be used as a ad- 
vent, 86. 
mMte of potassium, .as reagent, how 

preparod, A., 6. 
N<m-metallio elements, how detected, 
54. 

OnoAjno uXTTESELf detection of, 76. 

how destroyed, 76, 
77. 
Organic substances hinder the precipi- 
tation of Ohiss IV., 89. 
Oxalate of ammonium, as reagent, A.,8. 
Oxalates converted into carbonates, 48. 

tests for, 68. 
Oxalic acid as a sublimate, 79. 
as reagent, A., 2. . 
tests for, 68. 
Oxide of mereury, as reagent, A., 7. 
Oxidizing blowpipe flame. A., 22. 
Ozygea, now recognized, 77. 

its presence infeired, 62. 

' PlHOBRi, A., 28.' 

Platinum, a member of Class III., 9, 80. 

crucibles, A., 24. 

foU, A., 28. 

insoluble in HNO^, 98. 

presence of indicated, 81. 

test for, 109. 

wire. A., 28. 
Phaapbate of calcium, presence of in- 
dicated, 88. 
•Pheenhates, precipitated with Class 

Phe^ates, tests for, 67, 
Phosphoric acid, tests for, 67. 
Paioelaiii emoibles. A., 14. 

dishes. A., 14. 
Potassium, precipitated as chloroplati- 
nate, 61. 
flame-test for. 60. 
a member of Glass VU., 
12, 49. 
Praeipitatee eompaeted by boiling and 
sbakh>g, 21, 89. 



Preliminary examination of a Uquld, 

101. 
Preliminary treatment, 76. 

ofapareniAtal 
oridlov, 97. 
Protoohloride of tin, how to mMbo, 90. 
Prussian blue, a test for iron, M. 
PulTerizing, A., 86, 87. 

QuALiTATiYE ANALYSIS de|iiied» 1. 

Reagwnt bottlbs, a., %, 
ReagAits, A., l-^S. ■ 
Reducing blowpipe flame, A., 28, 
RednctioQ test, 79. 

how to perform with 
.delicacy, 80* 
Reduction test, to be applied to insol- 
uble substances, 90. 

Salts, kinds of considered, 66. 

soluble in water, 88. 
Sand-bath, A., 20. 
Separation of two elements, 4. 
Sesquichlorlde of iron, how to make, 

99. 
SUioates, alkaline, deoomiposed by 
acids, 69. 
decomposed hy 
chloride of am- 
monium, 70. 
Silicates, the commonest of insoluble 

substances, 96. 
Silicic acid, precipitated from an al> 

kaline solution, 86. 
Silver, a member of Class I., 6, 16, 
globule described, 80. 81. 
precipitated by reducmg agents, 

62. 
precipitation as chloride, 16. 
salts, insoluble in dilute nitrfo 

acid, 60u 
salts, sundry, colors of, 60. 
see chloride of.' 
test f<Hr certain classes of ndts, 
69. 
Slaked lime, as reagent. A., 6. 
Sodium, crystallization of chlffloplati- 

nate, 61. 
Sodiiun, flame^est for. 60, 

a member of Class VU, 12, 
49. 
Solvents, the order of use, 82. 
Spatules, A., 87. 
Special tests for non-metallic elements, 

62. 
Starch paste, how prepared, A., 7. 
Staroh-teet for bromine, 71. 

iodine, 72. 
StirriBgrodB,A.,26. 
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Stoppers, stock, how to loosen, A., 10. 
Strontium, a member of Class VI., 12, 
45. 
precipitated as carbonate, 
12, 45. 
as sulphate, 
46. 
Sublimates on charcoal while reducing 

metals, 81. 
Snlphate of copper, as reagent, A., 7. 
Sulphate of magnesium, as reagent, 

how mixed, A., 6. 
Sulphate of magnesium, a test for 
phosphates and arseniates, 66, 67. 
Sulpnate of sodium, acid, how pre- 
pared, A., 4. 
Sulpnates, barium test for, 67. 
how to detect, 66. 
insoluble, reduced to sul- 
phides, 91. 
Sulphate of pota^um, as reagent, 

how prepared, A., 5. 
Sulphide of antimony, oxidation of by 

nitrate of ammonium, 27. 
Sulphide of arsenic, soluble in carbon- 
ate of ammonium, 26. 
Sulphide of tin, oxidation of, by nitrate 

of ammonium, 27. 
Sulphides, tests for, 64. 
Sulphides of arsenic, as sublimates, 78, 
Sulphites, tests for, 64. 
Sulphur, as a sublimate, 78. 
Sulphuretted hydrogen, decomposed by 
oxidizing 

agents, 24. 
how prepared, 

A., 2, 34. 
how to employ 

it, 18,23. 
necessity of ex- 
pelling, 36, 
49. 
Sulphuretted hydrogen water, how 

prepared and kept, A., 2. 
Snlpooric Acid, as reagent, A., 2. 



Sulphuric Acid, tests for, 66. 
Sulphurous acid, 78. 
Sulphur, precipitation of, 28, 24, 81. 
Snlphydrate of ammonium, as rea« , 
gent, A., 3. 

Table for Class I., 17. 
IT., 22. 
III., 80. 
IV,, 36. 
. v., 43. 
VI., 47. 
the sepamtion of the 7 classes 
of metallic elements, 53. 
Table of the seven classes of metallic 

elements, 14. 
Tartaric acid, as reagent. A., 2. 

tests for, 68. 
Tartrates, tests for, 68. 
Test-tube rack. A., 11. 
Test-tubes, A., 10. 
Tin, a member of Class III., 9, 26. 
confirmatory test for, 29. 
converted into an insoluble oxide 
by HNOs, 98. 
Tin globule, described, 80, 81. 
presence of indicated. 28, 31. 
reduction of the metal by zinc, 29. 
Tin, see sulphide of. 
Triangle, A., 19. 
Turmeric paper, how to prepare, 69, 

Utsnsils, list of, A., 8. 

Water, A., 8. • 

Water-bath, A., 20. 
Wash4>ottIe, A., 24. 
Wire-gauze, A., 19. ^ 

Zinc, a member of Class V, 11, 40, 
precipitated as chromate, 41. 
precipitated as sulphide, 11, 89, 

41. 
presence of indicated, 44, 
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